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Sufficient physical activity is associated with several health benefits among adolescents. 
However, few adolescents comply with the physical activity guidelines of 60 minutes 
moderate- to vigorous-intensity physical activity daily. Therefore, interventions are needed to 
promote physical activity among adolescents. Public open spaces have been identified as 
suitable locations for physical activity. However, insight was needed into how public open 
spaces are currently used and which public open space characteristics could invite adolescents 
to engage in physical activity at public open spaces. 
The first objective of this doctoral thesis was to gain insight into the current physical activity 
levels among European adolescents. Results indicated that more than half of the adolescents 
do not comply with the physical activity guidelines and there is a need for a pan-European 
surveillance system to monitor the changes in physical activity levels in the future.  
The second objective of this doctoral thesis was to gain insight into the use of public open 
spaces in Flanders. Our results revealed that among adolescents, public transportation 
stops/stations were used frequently, whereas parks were rarely used. Within parks, trails and 
playgrounds were used most often and at highest energy expenditure. Additionally, the lower 
educated and those with a non-Western-European ethnicity used public open spaces more 
often and younger adolescents and boys were more likely to use public open spaces for 
physical activity than their counterparts.  
The third objective was to gain insight into the characteristics of public open spaces associated 
with public open space use and physical activity. Our findings highlighted that public open 
spaces have to contain challenging features, sport fields and playgrounds and have to be well 
maintained. Additionally, the presence of undesirable users was discouraging, whereas active 
peers were encouraging for public open spaces visitation and physical activity.  
The final objective was to develop an experimental study using manipulated photographs to 
identify the most important park characteristics influencing adolescents’ park visitation and 
physical activity. Our results revealed that park maintenance was the most important factor 
for park visitation and physical activity, followed by the presence of a playground/outdoor 
fitness equipment and a sport field. 
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Our results emphasize the need for interventions targeting public open space and park use 
among adolescents. These interventions should especially target girls and older adolescents. 
Additionally, urban planners should attempt to create public open spaces that are more 
attractive for adolescents by installing sport fields, outdoor fitness equipment and 
playgrounds. Furthermore, park administrators should invest in frequent and profound 
maintenance systems in order to provide well maintained parks.   
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SAMENVATTING 
Men heeft reeds aangetoond dat voldoende fysieke activiteit geassocieerd wordt met 
verscheidene gezondheidsvoordelen bij jongeren. Jongeren zouden 60 minuten per dag aan 
matige- tot hoge intensiteit moeten bewegen, maar slechts weinig jongeren halen deze norm. 
Openbare ruimtes zijn locaties die geschikt kunnen zijn voor fysieke activiteit bij jongeren. Er 
was echter, bij de start van dit doctoraat, nog niet veel geweten over het gebruik van openbare 
ruimtes in België en Europa. Bovendien was er nood aan meer inzicht over de kenmerken van 
openbare ruimtes die jongeren kunnen aanmoedigen om openbare ruimtes te bezoeken en 
te gebruiken voor fysieke activiteiten.  
Het eerste doel van deze doctoraatsthesis was om inzicht te verwerven in de mate van fysieke 
activiteit bij jongeren in Europa. De resultaten van ons onderzoek toonden aan dat meer dan 
de helft van alle jongeren te weinig fysiek actief is. Bovendien is er dringend nood aan een 
overkoepelend Europees systeem om de veranderingen in fysieke activiteit bij jongeren te 
kunnen opvolgen.  
Het tweede doel was om na te gaan hoe openbare ruimtes gebruikt worden in Vlaanderen 
(België). Met andere woorden, welke soorten openbare ruimtes worden gebruikt en door 
wie? Onze resultaten toonden aan dat jongeren voornamelijk tijd spenderen op “openbaar 
vervoer locaties” zoals bushaltes en stations, terwijl parken slecht sporadisch gebruikt 
worden. In parken zijn de paden de zones die het meeste gebruikt worden en aan de hoogste 
intensiteit. Bovendien vonden we dat lager opgeleide adolescenten en adolescenten met een 
niet-westerse etniciteit meer gebruik maakten van openbare ruimtes en dat jongere 
adolescenten en jongens openbare ruimtes vaker gebruikten voor fysieke activiteit.  
Het derde doel was om te bepalen welke kenmerken van openbare ruimtes jongeren kunnen 
aanmoedigen of ontmoedigen om een openbare ruimte te bezoeken of er actief te zijn. Ons 
onderzoek toonde aan dat jongeren goed onderhouden openbare ruimtes met uitdagende 
speeltuigen, fitnesstoestellen en sportveldjes, aantrekkelijk vinden om te bezoeken en voor 
fysieke activiteit. Bovendien werden openbare ruimtes waar vreemden (zoals druggebruikers 
en daklozen) aanwezig waren, als minder uitnodigend bevonden, terwijl openbare ruimtes 
waar andere jongeren fysiek actief waren net wel aantrekkelijk werden bevonden om te 
bezoeken en er fysiek actief te zijn.  
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Het laatste doel van deze doctoraatsthesis was om een foto-experiment uit te voeren om na 
te gaan welke kenmerken parken aantrekkelijk maken voor jongeren om ze te bezoeken en er 
actief te zijn. Het onderhoud van het park was het belangrijkste kenmerk voor de 
aantrekkelijkheid van een park, gevolgd door de aanwezigheid van fitness toestellen/ 
speeltuigen en sportveldjes.  
Onze resultaten benadrukken het belang van interventies die het gebruik van en fysieke 
activiteit op openbare ruimtes aanmoedigen. Zulke interventies zouden vooral gericht moeten 
zijn op meisjes en oudere adolescenten. Voorts zouden stedenbouwkundigen openbare 
ruimtes moeten creëren die aantrekkelijk zijn voor jongeren, en dus sportveldjes, fitness 
toestellen en leeftijdsgeschikte-speeltuigen bevatten. Park verantwoordelijken (voornamelijk 
steden en gemeenten) zouden moeten investeren in degelijke, regelmatige en uitgebreide 















1. PHYSICAL ACTIVITY IN ADOLESCENCE 
1.1. DEFINITIONS  
1.1.1. ADOLESCENCE 
Currently, there is no standard definition of adolescence. The World Health Organisation 
defines adolescents as those people between the ages of ten and nineteen years old [1]. 
However, adolescence has been defined as “the transition from the dependence of childhood 
to adulthood independence” by the United Nations [2]. In this doctoral thesis, 12- to 16-year-
old adolescents were the population of interest. Youth aged 12-16 years differ from older and 
younger youth because of physical changes of the body, personality development and puberty 
[3,4]. Additionally, this period corresponds to the transition from primary school to secondary 
school and before the possibility of obtaining a driver’s licence (for a moped) and gaining more 
independent mobility compared to children (Part 1: General Introduction: chapter 3.4).  
1.1.2. PHYSICAL ACTIVITY 
The World Health Organisation defines physical activity as “any bodily movement produced 
by skeletal muscles that requires energy expenditure. This includes activities during school 
hours, while working, playing or during recreation” [5]. Four domains have been identified, in 
which physical activity can take place: active transportation, occupational/school physical 
activity, household activities and active recreation [6]. Physical activity can be classified 
according to intensity level: light-, moderate- or vigorous-intensity physical activity. The 
intensity of physical activity is often expressed as the metabolic equivalent value of the activity 
(MET) whereby one MET represents the energy needed in rest. Light-intensity physical 
activity, corresponds to activities between one and three METs, activities with a value of three 
to six METs are defined as moderate-intensity physical activity and vigorous-intensity physical 
activities are all activities with a MET value higher than six [7]. Adolescents should engage in 
60 minutes of moderate- to vigorous-intensity physical activity daily in order to obtain health 
benefits. Within these 60 minutes, vigorous-intensity physical activity and activities that 
strengthen muscle and bone should be incorporated at least three times per week [8]. Physical 
inactivity is defined as not meeting the physical activity recommendations of 60 minutes of 
moderate- to vigorous-intensity physical activity daily [8,9].  
Physical activity should not be mistaken with physical exercise or physical fitness. Physical 
exercise has the goal to improve or maintain physical fitness and is one part of physical activity 
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that is planned, structured and repetitive [10]. Physical fitness can be defined as “a state, 
characterized by (1) the ability to perform daily activities and (2) the demonstration of 
characteristics and capacities that are associated with low risk of premature development of 
diseases associated with physical inactivity” [11]. 
Another construct that has gained interest in the last decade is sedentary behaviour, which 
has been defined as: “any waking behaviour characterized by an energy expenditure ≤1.5 
METs, while in a sitting, reclining or lying posture” [12]. The terms sedentary behaviour and 
physical inactivity have been used interchangeably in the past, however a clear distinction can 
be made as physical inactivity refers to insufficient levels of physical activity while sedentary 
behaviour refers to sitting or lying behaviours. For example, an adolescent that adheres to the 
physical activity guidelines of 60 minutes of moderate- to vigorous-intensity physical activity 
daily, can still spend the remaining time sedentary, and can therefore be classified as 
physically active with high levels of sedentary behaviour.  
1.2. MEASUREMENT OF PHYSICAL ACTIVITY 
Physical activity is a complex behaviour that can take place in four domains 
(occupational/school, home, transportation and leisure time). Depending on the sample size 
and research questions that are addressed, different methods can be used to asses physical 
activity [13].  
1.2.1. SELF-REPORTED PHYSICAL ACTIVITY 
The most commonly used self-report measurement methods are self-administered 
questionnaires, interview-administered questionnaires and diaries [13-16]. Self-report 
methods are the cheapest and easiest methods to measure physical activity in large 
populations. Another major advantage of self-report methods is that information can be 
obtained on specific physical activity behaviours and domains (e.g., cycling for transport) 
[14,16]. However, these self-report methods pose multiple limitations due to the nature of 
physical activity behaviour, such as: recall bias, social desirability bias, poor respondent 
motivation, difficulties in defining frequency, exact duration and intensity, difficulties to 
capture physical activity in all domains [13,14,16] and a large burden for participants 
(diary)[17].  
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In an extensive review on the validity and reliability of physical activity questionnaires for 
youth, none of the included questionnaire showed acceptable validity and reliability [18] while 
another review identified four questionnaires (e.g., Flemish physical activity computerized 
questionnaire) with acceptable validity and reliability [19]. This indicates that results from 
studies using questionnaires have to be interpreted with caution.  
1.2.2. OBJECTIVELY MEASURED PHYSICAL ACTIVITY AND DIRECT OBSERVATION 
The most commonly used objective physical activity measurement methods are heart rate 
monitors, accelerometers and pedometers [14,20]. The main limitations of these objective 
measurement methods are the inability to provide contextual information, high costs of 
accelerometers and heart rate monitors, and difficulties with accelerometer data processing 
[20,21]. Additionally direct observations are also used to estimate physical activity [14,20]. 
The biggest limitation of direct observations is the high burden on the researchers [20,21].  
Direct observation poses a high burden on the burden on the researchers, requires trained 
researchers and provides only a momentary assessment of physical activity levels, but it is a 
method that is particularly interesting to use when investigating physical activity at a certain 
location [14,17] (e.g., in parks). Accelerometers capture real time physical activity levels, 
measure frequency, duration and intensity of physical activity behaviour [20,21]. 
Accelerometers measure acceleration in one or more planes and convert it to quantitative 
measures, called counts [13,22]. Recently researchers have been moving towards a consensus 
on which cutpoints to use to categorize accelerometer counts into different physical activity 
intensities (sedentary behaviour, light-, moderate- and vigorous-intensity physical activity) for 
children and adolescents [23]. Nevertheless many uncertainties exist concerning data 
processing. Additionally, accelerometers are not able to capture specific activities such as 
swimming or cycling [20,22]. Pedometers are less expensive and are therefore often used in 
large population studies, however, they only provide a measure of step counts and do not 
estimate activity intensity [20,21]. Heart rate monitors consist of a chest wrap monitor, often 
combined with a wristwatch to display the heart rate. The linear relationship between heart 
rate and oxygen consumption is used to estimate physical activity levels. Heart rate monitors 
are not suitable to measure water activities and heart rate can also be influenced by emotions, 
fitness and temperature [16,17,20].  
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Heart rate monitors, accelerometers and pedometers do not provide information on the 
location or the domain (school/occupation, active transportation, leisure time, home) where 
physical activity takes place. However, when combining these methods with a Global 
Positioning System (GPS) device, location-specific physical activity can be assessed. Location-
specific physical activity measurements are needed in order to develop effective 
interventions. Furthermore, ecological models emphasize the need to consider location 
specific physical activity, as it is hypothesized that different types of locations facilitate diverse 
physical activity behaviours [6,24]. During the last decade, accurate, low-cost and lightweight 
GPS devices have been developed. These new affordable devices have enabled research using 
this methodology, however, the number of studies using GPS devices in combination with 
accelerometers is still rather limited [21,25-27]. Additionally, in order to obtain information 
about the domain (recreation vs transportation) in which the physical activities are performed, 
self-report measures are necessary. In conclusion, to obtain an accurate estimate of location- 
and domain-specific physical activity levels, it is recommended to use objective measurement 
methods combined with self-report methods and GPS devices.  
Next to these more traditional scientific measurement methods, currently also consumer 
wearable activity trackers (such as Fitbit)  are being used. These are electronic devices usually 
used to monitor fitness activities. However, only for the step count measure, acceptable 
validity was found, whilst no evidence was found for physical activity, energy expenditure and 
sleep [28,29]. Currently it is not advisable to use these kinds of physical activity trackers for 
scientific purposes because of the low validity.   
1.3. PHYSICAL ACTIVITY AND HEALTH 
Sufficient physical activity (i.e. 60 minutes daily) has been shown to be associated with health 
benefits during adolescence. Several systematic literature reviews have indicated that 
sufficient physical activity is related to multiple health outcomes: a lower amount of body fat 
[30,31], lower Body Mass Index (BMI) [31], better cardiopulmonary fitness and physical fitness 
[30], higher peak bone mass and bone health [30,32], cardio metabolic biomarkers [30,31], 
better mental health, self-esteem and quality of life/well-being [30-32], and less depressive 
symptoms [31,32]. Furthermore, a dose response relationship was identified, indicating that 
the more physical activity, the greater the health benefits [33]. Additionally, it has been shown 
that child and adolescent physical activity levels track into adulthood, i.e. high physical activity 
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levels during childhood and adolescence can track and lead to high levels of adult physical 
activity [34,35]. Therefore, it is of utter importance to incorporate healthy physical activity 
habits into the daily lives of children and adolescents. Furthermore, Hallal et al. (2006) 
suggested a possible direct influence of adolescent physical activity levels on adult health [32], 
however this relationship has not yet been confirmed.  
1.4. PHYSICAL ACTIVITY LEVELS AMONG ADOLESCENTS 
A steep decline in physical activity levels has been found during the transition from primary 
school to secondary school (around the age of twelve). Subsequently, adolescent physical 
activity levels are lower compared to physical activity levels among children [36]. A significant 
average decline in physical activity levels of 7.0% per year, was reported in a systematic review 
by Dumith et al. (2011), where data from 26 studies were pooled (mean age at baseline: 12.4 
years old; and follow up: 16.0 years old). Additionally, in recent studies (included in that 
systematic literature review), this decline tended to be greater for girls compared to boys [37].  
Hallal et al. (2012) aimed to describe worldwide physical activity levels among adults and 
youth in order to identify patterns and regional differences. They concluded, based on two 
questionnaire based studies, that 80% of 13- to 15-year-old adolescents worldwide did not 
comply with the physical activity recommendations, and that large differences exist between 
countries [38]. These differences between countries could be caused by cultural differences 
or different physical activity policies.  
In 2010, a report was published by the World Health Organisation containing an overview of 
existing national and international studies on physical activity levels in Europe [39]. In this 
report it was concluded that it was not possible to compare nationally generated physical 
activity data because of the different measurement methods that were used across different 
national studies. Based on data from the international HBSC (Health Behaviour in School aged 
Children) study, it was concluded that the prevalence of adherence to the physical activity 
guidelines ranged from 12% to 51% among 11-year-olds. However, in the report from the 
World Health Organisation no country-specific data were reported, hindering comparison 
between countries [39].  
From these previous studies we can conclude that worldwide adolescents’ physical activity 
levels are low, and differences between countries exist. This emphasizes the importance of 
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research on how to counteract this decline in physical activity levels during adolescence, 
accounting for country-specific differences. As discussed in chapter 1.2 (Part 1: General 
Introduction), physical activity levels may differ according to the measurement methods used. 
However, up to now, no report or systematic literature review has been able to present 
country-specific physical activity prevalence data for European adolescents while accounting 
for the measurement methods that were used. 
Given the shortcomings of previous studies (i.e. only subjective data in the study by Hallal et 
al. (2012) [38] and no country-specific data in the report from the World Health Organisation 
[39]), an update of the European physical activity prevalence data among youth is warranted. 
Europe is a very heterogeneous region with diverging climates, cultural habits and policies. 
Therefore, a clear overview of the current physical activity levels in Europe is needed in order 
to monitor the decline in physical activity levels that has been found among youth. 
Additionally, it is needed to gain insight into the methods currently used to measure physical 
activity, in order to harmonize these measurement methods by developing a pan European 
monitoring system. Therefore, within this doctoral thesis a systematic literature review was 
performed which aimed to provide an overview of the existing cross-European studies (i.e. 
with more than one European country) that monitor adolescent physical activity levels, to 
report country-specific physical activity prevalence data and to define the challenges posed 
by the measurement methods that are used.  
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2. DETERMINANTS OF PHYSICAL ACTIVITY: A SOCIO ECOLOGICAL APPROACH 
In order to increase physical activity levels among adolescents, insight into the determinants 
of adolescents’ physical activity is needed. Given the limited success of individually-oriented 
models to explain physical activity behaviours, socio-ecological models have been used to gain 
insights into the determinants of physical activity behaviours. According to socio-ecological 
models of health behaviour, physical activity is influenced by intrapersonal (individual), 
interpersonal (sociocultural), environmental (social and physical environment) and policy-
related factors and the interactions between these factors [6,40]. These models emphasize 
that in order to increase physical activity at the population level, supportive environments and 
policies should be created, social norms and social support should be strong and individuals 
should be motivated to make healthy physical activity choices [40]. The socio-ecological model 
that was created by Sallis et al. (2006) [6] consists of different levels, which are presented 
around four domains of active living, i.e. active recreation, physical activity at home, active 
transportation and occupational/school physical activity (Figure 1). This doctoral thesis will 
focus on the domain of active recreation. Few studies however, have focussed on this domain. 
Additionally, most studies have used many different methods which made it hard to draw 
conclusions. Therefore, also studies examining determinants of adolescents’ total physical 







































2.1. INTRAPERSONAL LEVEL 
Within the model presented by Sallis et al., (2006) the core of the model represents the 
individual factors that can influence physical activity levels. Research that focusses on non-
modifiable individual factors such as gender, contributes to the evidence on the sub groups at 
risk for physical inactivity. These subgroups have to be targeted during interventions [6].  
Several systematic literature reviews have indicated that 12- to 18-year-old adolescent boys 
have higher levels of overall, moderate- to vigorous-intensity and vigorous-intensity physical 
activity compared to adolescent girls [41-43]. Furthermore, an inverse association between 
age and overall, moderate- to vigorous-intensity and vigorous-intensity physical activity has 
been found in several systematic literature reviews [42-44], indicating that as adolescents 
grow older, physical activity levels decline. 
Adolescents’ socio-economic status (SES) is often measured by family income, parental 
education or occupational status. A higher parental educational level [41,43,45] and family 
income [45] have been shown to be associated with higher overall physical activity levels 
among 12- to 18-year-old adolescents, but not in children younger than 12-years-old. This 
indicates that after the transition to adolescence, those with lower financial resources may be 
more restricted in their physical activity opportunities. Findings on the relationship between 
12- to 18-year-old adolescents’ overall physical activity and BMI [41], body weight, adiposity 
[43] and ethnicity [41,43] are inconsistent. 
The psychological factors that have consistently been identified as positively associated with 
12- to 18-year-old adolescents’ total physical activity are achievement orientation (i.e. 
academic achievement) and perceived competence [43]. For attitude, self-efficacy, 
motivation, intention, perceived barriers, perceived benefits, fun/enjoyment and depression, 
results are inconclusive [41,43]. Previous studies found no associations between total physical 
activity and self-perception or self-esteem [41,43]. 
2.2. INTERPERSONAL LEVEL 
The interpersonal level comprises the relationships between people. According to three 
systematic literature reviews, parental and peer modelling were not related to 12- to 18-year-
old adolescent’ total physical activity levels [41,43,45]. Family and peer support [41,43,44,46] 
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were consistently positively related with 10- to 18-year-old adolescents’ total physical activity 
levels. Furthermore, in a longitudinal study, peer norms have been shown to predict activity 
intention among 13- to 17-year-old adolescents [47].  
2.3. ENVIRONMENTAL LEVEL  
2.3.1. SOCIAL ENVIRONMENTAL LEVEL 
A study has identified friends and classmates as the people most often accompanying 11- to 
16-year-old adolescents for physical activity in general [48], whereas among younger children 
(9- to 13-years-old) physical activity most often took place with multiple people together (e.g., 
friends and family) or with family [49]. Furthermore, Salvy et al. (2012) reported that 
adolescents were more likely to report physical activity at higher intensity when they were in 
the company of a friend compared to when they were alone [50]. Furthermore, a Brazilian 
study has shown that 14- to 19-year-old adolescents, living in neighbourhoods where other 
adolescents are physically active, are more likely to be physically active themselves compared 
to adolescents living in neighbourhoods where no other adolescents are active [51]. A 
Portuguese study found similar results, but only among boys (12- to 18-years-old) [52]. 
Therefore it could be concluded that the company of friends and the presence of active peers 
could be associated with adolescent physical activity levels, however research remains 
limited. 
Feelings of safety are influenced by many social and physical environmental factors, for clarity, 
all safety related determinants (social and physical) will be discussed in the following section. 
When 12- to 18-year-old adolescents perceive their neighbourhood to be safe, and when 
objectively measured crime rates are low, adolescents’ overall physical activity, outdoor 
physical activity during leisure time and organized physical activity levels are higher than when 
adolescents live in neighbourhoods that are perceived unsafe with high objectively measured 
crime rates [45,53-55]. Furthermore, the presence of undesirable users, such as homeless 
people, people drinking or drug users in parks, has been indicated in qualitative research as 
negatively associated with physical activity levels in parks [56]. Quantitative studies found no 
association between 13-year-old adolescents’ concern about strangers/older youth and 
walking and cycling in their neighbourhood, even though more than 30% reported concerns 
about strangers [57]. Nevertheless, physical evidence of the presence of undesirable users of 
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a place (e.g., graffiti, empty beer bottles) was negatively associated with total physical activity 
levels [54,58]. 
2.3.2. PHYSICAL ENVIRONMENTAL LEVEL 
The physical environment has been defined as “the objective and perceived characteristics of 
the physical context in which adolescents spend their time including aspects of urban design 
(e.g., presence and structure of sidewalks), traffic density, traffic speed, distance to and design 
of venues for physical activity (e.g., playgrounds, parks and school yards), crime, safety 
(described above) and weather conditions” [54]. The physical environment consists of the 
natural environment (i.e. plants, trees, the weather) and the built environment (i.e. all 
elements that are created or modified by people, such as buildings and streets). Socio-
ecological models have identified the home, school, recreation and neighbourhood 
environment as most important physical environments for physical activity [6].  
The review of Davison et al. (2006), studying the relationship between the built environment 
and child and adolescent physical activity, reported that four out of six studies found no 
association between home physical activity equipment and adolescents’ total physical activity 
levels. Whereas two studies among a predominantly white sample found that the number of 
pieces of exercise equipment was positively associated with total physical activity [54]. Within 
the school environment, lower distance to school and the availability of sports equipment at 
school were associated with higher levels of total physical activity [54], whereas the provision 
of school physical activity facilities was unrelated to total physical activity [45]. Considering 
the neighbourhood environment, the review of Ding et al. (2011) reported land use mix and 
residential density as the most supported correlates for total physical activity, recreational 
physical activity and transport related physical activity among 13- to 18-year-old adolescents. 
Whereas no associations or inconsistent results were found for street connectivity and traffic 
speed [59]. A lot of research has focused on the relationships of the accessibility and 
availability of parks, recreational facilities and playgrounds in the neighbourhood with 
adolescents’ physical activity. As public open spaces are the focus of this doctoral thesis, these 
will be discussed in detail in chapter 3.6 (Part 1: General Introduction).  
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3. URBAN PUBLIC OPEN SPACES 
3.1. DEFINITION  
There is a lack of uniformity in the definitions of public open space that are used in 
environmental research [24]. Public open spaces are sometimes defined as green spaces and 
natural environments, (e.g., Edwards et al. (2013) defined public open space as “spaces 
reserved for the provision of green space and natural environments, accessible to the general 
public free of charge” [60]), and sometimes as spaces designed especially for recreational 
purposes (e.g., the National health foundation of Australia (2014) defined public open space 
as “a variety of spaces within the urban environment that are readily and freely accessible to 
the wider community, regardless of size, design or physical features and which are intended 
primarily for amenity or recreation purposes, whether active or passive” [61]). These 
definitions are rather narrow and exclude non-green public open spaces such as squares and 
streets or spaces that are not designed for recreation such as vacant lots. Because of these 
narrow definitions, opportunities are missed to study a wider range of public open spaces and, 
consequently, there is a lack of research on the influence of different types of public open 
spaces on physical activity [24]. Therefore, based on these previous definitions and literature, 
a more comprehensive definition was developed. In this doctoral thesis, public open spaces 
are defined as follows: A public open space is a public space with open access, that is 
accessible to all people independent of age, ethnicity, physical limitations, or other 
characteristics [62-64]. Some public open spaces are under public ownership and 
management whereas others are private property but freely accessible and, therefore, also 
defined as a public open space [64,65]. Public open spaces can have different appearances 
such as parks, playgrounds and squares, but also streets, vacant lots and parking lots. This 
definition implies that public open spaces can be both indoor (e.g., a library) and outdoor 
spaces (e.g., a park). In this doctoral thesis only outdoor public open spaces were included, 
hence most indoor public open spaces are not suitable for physical activity or require entrance 
fees (e.g., indoor swimming pool). 
Some differences exist in the availability and quality of public open spaces according to the 
location (i.e. urban versus rural). For example, in a Canadian study among 10- to 11-year-old 
participants, parents living in rural areas were less likely to report good parks in their 
neighbourhood compared to parents living in urban areas [66] and an Australian study found 
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that rural parks scored higher concerning aesthetics and the number of activity areas whereas 
urban parks scored higher on playground equipment, and the number of courts/ovals [67,68]. 
The subject of this doctoral thesis was limited to urban public open spaces, in order reduce 
variation due to differences between urban and rural public open spaces. In this doctoral 
thesis, the difference between urban and rural areas was defined as follows: municipalities  
with less than 300 inh/km² = rural, 300-600 inh/km² = suburban, and more than 600 inh/km² 
= urban [69]. 
3.2. RECENT DEMANDS OF URBAN PUBLIC OPEN SPACE 
The number of people living in urban areas has increased up to more than half of the world 
population and is predicted to rise up to 66% by 2050 [70]. This will lead to the expansion and 
densification of cities and will enlarge the need for urban public open space, increase the 
importance of public open space for society, and change the demand and use of public open 
spaces. In line with this, the provision of good, qualitative and accessible public open spaces 
has received increased attention by the United Nations. After the Rio+20 United Nations 
Conference on sustainable development in 2012, a declaration was published on “The future 
we want”. In this declaration, the United Nations have made the commitment to promote an 
integrated approach to planning and building sustainable cities and urban settlements, 
including the promotion, protection and restoration of safe and green urban spaces, because 
of the growing importance of these spaces [71]. 
In the nineteenth century, public open spaces were designed as a place where people could 
practice politics and as a place for physical recreation [72]. However, the demand of public 
open space in the 21st century may have changed due to changing lifestyles, more ethnical 
and cultural diversity in cities, new technologies and climate change. For example, public open 
spaces are essential for real-life social interactions (as opposed to online contacts) [72] and 
for access to green spaces [72]. Furthermore, it is hypothesized that the densification of cities 
will lead to a decrease in private green spaces (i.e. less people will have access to a private 
garden), although access to green spaces has been identified as a fundamental need for health 
[72]. Exposure to greenspaces has been shown to affect mental and [73] general perceived 
health [74], can be restorative (i.e., when they give users a sense of being away from their 
usual setting) [75,76] and provides opportunities to socialize [77]. Public open spaces can 
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provide access to green spaces within urban areas, however, it has been suggested that these 
green spaces do not have to be formal parks, but can also consist of more “loose-fit” places 
such as vacant lots [72,78]. Recently, the importance of public open spaces in the 
development of sustainable ecosystems [79], water management systems (i.e. to prevent 
floods) [80] and to counteract the urban heat island effect (i.e. the phenomenon where the 
air temperature in urban areas is higher than in the surrounding rural environment) [81] has 
been acknowledged.  
Public open spaces are important places for adolescents because they provide some kind of 
private space (without adult supervision). Adolescents who are in the transition to adulthood 
can use public open spaces to try out and practice adult behaviours. Public open spaces 
provide a place for story-telling and meeting peers [82] and act as a space where they can 
build cultural identity [83].  
3.3. MEASUREMENT OF PUBLIC OPEN SPACE CHARACTERISTICS 
The availability and quality of public open spaces can be measured using self-report measures 
(i.e. questionnaires), observational measures such as audit tools or objective methods such as 
Geographical Information Systems (GIS).  
Perceptions of public open space availability and quality are often measured using 
questionnaires that focus on the neighbourhood environment. These questionnaires usually 
include questions on the presence of recreational facilities or parks, traffic safety and 
aesthetics of the neighbourhood [84]. However, to gain more detailed information on public 
open space characteristics, audit tools can be used to systematically map the presence and 
quality of public open space features. Audit tools are mostly used to measure physical features 
that cannot be captured using GIS or aerial photographs [85], such as the level of maintenance, 
sidewalk width or number of trees in a street [84]. GIS is a framework that integrates 
information from existing data sources that have some spatial reference [84,86]. GIS can store, 
manage, and geographically integrate large amounts of information, and enables the mapping 
of health events (e.g., physical activity levels) in relation to their environment (e.g., availability 
of public open spaces) [87]. GIS is often used for more general measures of public open spaces, 
such as land use mix, access to recreational facilities, crime or street patterns [84], and makes 
it possible to obtain precise spatial measures such as, distance from home to a park [86]. 
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3.4. IMPORTANCE AND CURRENT USE OF PUBLIC OPEN SPACES FOR PHYSICAL ACTIVITY 
In 2014, at the start of this doctoral thesis, little was known about the use of public open 
spaces in Europe and the availability, accessibility or the characteristics of public open spaces 
related to public open space visitation and physical activity. Therefore, in the following 
sections, an overview of the existing literature before the onset of this doctoral thesis is 
provided. Studies among all age groups will be described, but particular attention will be 
awarded to those focusing on adolescents.  
Public open spaces are important for mental and physical health by providing a place for 
recovery and a location for physical activity. Public open spaces can play an important role in 
promoting physical activity among people of all ages, as public open spaces are present in 
most communities and are generally free to use [88-90]. Public open spaces have been shown 
to be highly used for physical activity and recreational activities [91]. For example, parks are 
frequently used for physical activity by people of all ages [92]. Physical activity at public open 
spaces can be estimated by using direct observation when one specific location (e.g., a park) 
is studied or by using questionnaires or a combination of accelerometers and GPS devices 
when overall use of public open spaces and physical activity is studied (see Part 1: General 
Introduction: chapter 1.2). A US study aiming to identify the locations where 11- to 12-year-
old children engaged in physical activity using GPS and accelerometers found that outdoor 
public open space use varied by season. Most street use was recorded during spring whilst 
most playground and park use took place during summer. Additionally, it was found that 30% 
of children’s daily physical activity levels was accumulated at streets and 8% at parks or 
playgrounds [93]. A UK study using GPS and accelerometers revealed that only 13% of 10- to 
11-year-old children’s time was spent outdoors during which 30% of all physical activity was 
accumulated. Furthermore, 5% and 7% of their daily physical activity was accumulated in 
green spaces for girls and boys, respectively [94]. A large US time-survey study also revealed 
that most of adolescents’ physical activity was accumulated outdoors, away from home (42%) 
[49]. Moreover, studies from Australia and the UK have shown that park [95] and public open 
space [96] users are more likely to comply with the physical activity recommendations.  
Furthermore, public open spaces can be a destination to walk or cycle to (even if people 
engage in sedentary activities after arriving at the public open space) and thereby increase 
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overall physical activity levels [90]. Especially for adolescents, public open spaces can be a 
promising setting for organized and non-organized physical activity, since they do not have 
the possibility to obtain a driver’s licence (and are therefore more designated to the close 
neighbourhood compared to adults) and have more independent mobility (i.e. ability to roam 
in the neighbourhood without adult supervision) compared to children [97]. 
Some observational studies conducted in parks in the US have shown different use of parks 
according to individual characteristics such as gender or ethnicity. Parks were mostly used by 
white people, children and men [98,99]. However, research from Europe is lacking. 
Furthermore, it was found that different park areas such as open fields, playgrounds and sport 
fields were used by different age groups whilst activity levels differed according to the park 
areas that were used (see further in Part 1: General Introduction: chapter 3.6). This indicates 
that different age groups make use of different park zones and each zone can elicit different 
physical activity levels.  
Given that 1) public open spaces can provide a suitable location for physical activity, 2) most 
research originates from the US, 3) there is overall limited knowledge on the use of public 
open space locations, and 4) it has been shown that individual differences exist concerning 
the use of parks, it is clear that there is a need for more research into the current use of public 
open spaces in Europe, taking individual differences into account. 
3.5. AVAILABILITY AND ACCESSIBILITY OF PUBLIC OPEN SPACES AND THE RELATION WITH 
PHYSICAL ACTIVITY AND ACTIVE TRANSPORTATION 
The terms “availability” and “accessibility” of public open spaces are often used 
interchangeably. The “availability of public open spaces” indicates the amount of public open 
space that is present in a certain area such as a neighbourhood. The term “accessibility of 
public open spaces” includes different aspects such as proximity (i.e. distance to public open 
space), ease to reach (e.g., good sidewalks, not too much intersections), safety to reach (e.g., 
presence of pedestrian crossings) and the amount of public open space close by. The 
availability and accessibility of public open spaces have often been associated with higher 
levels of total physical activity, leisure time physical activity and active transportation across 
all ages.  
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Studies about the association between accessibility or availability of public open spaces and 
physical activity are divergent due to the different outcomes that are studied (i.e. total daily 
physical activity, leisure-time physical activity, total moderate- to vigorous-intensity physical 
activity). The availability and accessibility of public open spaces has been shown to be 
positively associated with physical activity among all age groups: availability of parkland and 
beaches showed positive associations with meeting physical activity guidelines among 
adolescents and adults [100], the number of playgrounds was positively associated with boys’ 
(8- to 9-years-old) moderate- to vigorous-intensity physical activity in the weekend [101], the 
perceived availability of free- or low-cost recreational facilities was positively associated with 
self-reported leisure time physical activity among adolescent girls [52] and a systematic 
literature review has shown accessibility and availability of recreation centres to be associated 
with higher levels of adolescent total physical activity [54]. However, other systematic 
literature reviews have reported no association between availability and accessibility of public 
open spaces and adolescent total physical activity [41,45,89]. These inconsistent results are 
supported by an extensive literature review by Ding et al. (2011) on general neighbourhood 
characteristics and physical activity among youth, which reported that accessibility and 
availability of parks and recreation facilities, had inconsistent relationships with total physical 
activity, recreational physical activity and transport related physical activity among youth [59]. 
An overview of the systematic literature reviews investigating the association between the 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Besides physical activity at public open spaces, active transportation to public open spaces can 
also contribute to overall physical activity levels. Therefore, availability and good accessibility 
of public open spaces could be important to increase active transportation levels. It was found 
that 10- to 12-year-old Australian children who perceive limited accessibility and availability 
of parks or sport fields in the neighbourhood were less likely walk or cycle for transportation 
[103]. Additionally, Australian 13-year-old adolescents living in a neighbourhood with high 
(parent-reported) perceived availability of sport facilities tended to report more cycling for 
recreation (girls), cycling for transport (boys) and walking with a dog (girls) [57]. Perceived and 
objective measures of accessibility and availability of public open spaces in Australia 
[91,96,104] and a community walking trail in the US [105] have been shown to be associated 
with transport, and recreational walking among adults and the availability of green- and 
recreational spaces (especially sportsgrounds and parks) has been associated with 
recreational cycling among adults in the Netherlands [106]. An overview of the peer reviewed 
articles investigating the association between the availability and accessibility of public open 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.6. CHARACTERISTICS OF PUBLIC OPEN SPACES RELATED TO PUBLIC OPEN SPACE VISITATION 
AND PHYSICAL ACTIVITY 
Chapter 3.5 demonstrated that there still is some inconsistency in the literature on the 
association between the availability and accessibility of public open spaces and physical 
activity. According to the conceptual model of Bedimo-Rung et al. (2005), other aspects of 
public open spaces could possibly explain these inconsistencies. The model of Bedimo-Rung 
consists of six categories of characteristics what possibly influence public open space visitation 
and physical activity: features, condition, access, aesthetics, safety and policies [88]. However, 
as physical and social characteristics were the focus of this doctoral thesis, policy related 
characteristics were not included in this doctoral thesis, whereas a category on social 
characteristics was added. Furthermore, Paquet et al. (2013) also showed that the 
characteristics of public open spaces, and not the number of public open spaces are related 
to cardio-metabolic health and physical activity in an Australian adult sample [107].  
Over the last years the amount of research on this topic has grown substantially. However 
before the onset of this doctoral thesis, not many studies were conducted in Europe or among 
adolescents, whilst many studies focussed solely on parks, had small sample sizes and a 
qualitative design. Therefore, in the following sections, studies focussing on other populations 
were included but special attention was paid to studies with adolescent samples.  
3.6.1. FEATURES 
Qualitative studies revealed that children and adolescents prefer parks and public open spaces 
with a variety of features for active and sedentary activities and for structured and 
unstructured play [108,109], these features can be natural or man-made features.  
3.6.1.1. NATURAL FEATURES 
A systematic review of qualitative research has indicated that natural features such as trees 
(to climb in), bushes, large open fields, grass, flowers and water features may be important 
for children’s, adolescents’ and adults’ public open space visitation and physical activity [110]. 
Furthermore, an Australian study revealed that adolescent girls perform more moderate- to 
vigorous-intensity physical activity after school if their closest public open space had trees that 
provided shade [101].  
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3.6.1.2. MAN MADE FEATURES 
In a review of qualitative research, playgrounds were identified as positive features for 
physical activity and park use among children and their parents, although playgrounds are 
often designed for young children (< 8-years-old) [108,110], poorly equipped, or outdated 
[110]. However, an Australian study revealed that 8- to 9-year-old boys, but not girls, 
performed more moderate- to vigorous-intensity physical activity when more playgrounds 
were present in their neighbourhood [101]. Furthermore, a US study identified the activity 
settings within 45 parks that were used by adolescents and children using direct observations. 
The authors concluded that children used playgrounds (within the parks) most frequently, 
followed by a playing field. Among the few adolescents that were observed in the parks, the 
playground was used most often, followed by a basketball field (mostly by boys) and baseball 
field (mostly by boys) [111]. Furthermore, similar results were found in a study in 38 US parks, 
where basketball courts were the park areas with the highest number of park users among all 
age groups, followed by sport fields, playgrounds and greenspace. Additionally, in this study, 
the highest energy expenditure was observed in playgrounds, followed by basketball courts, 
green space and sport fields [99].  
Among adults and adolescent girls, natural and constructed trails were reported to be positive 
features for park visitation [110]. These qualitative results were confirmed by a US study 
looking into the associations between park features and park-based physical activity, where a 
positive association was found between the presence of trails and adult physical activity [112].  
3.6.1.3. SUPPORTING AMENITIES 
A qualitative systematic literature review has identified supporting amenities such as 
barbeques, benches, drinking fountains and toilets as important characteristics for park 
visitation and physical activity among park users of all ages and the provision of shade as 
important for children and caregivers. Furthermore, dog related facilities were identified as 
important factors for dog owners’ park visitation and physical activity [110]. Quantitative 
research has confirmed these results as a higher number of amenities in a park has been 
associated with more park users [99]. More specifically, more park users (all ages) were 
observed in areas with shelters, drinking fountains and benches compared to areas without 
these amenities whilst the presence of drinking fountains was related to higher total energy 
expenditure in a park area [99]. However, the presence of benches and picnic tables was 
associated with lower mean energy expenditure in a park area [99]. 
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3.6.2. CONDITION  
Qualitative studies indicated that the maintenance and cleanliness (presence of litter, full 
rubbish bins, dogs mess) of parks is important for adults, adolescents and children, as is the 
maintenance of playing surfaces and equipment (uneven playing surface, lack of grass) 
[108,110]. Vandalized facilities were identified as a discouraging feature to visit public open 
spaces by adolescents in a focus group study [113]. These qualitative findings are supported 
by an observational study from the US where more users were observed in a basketball court 
in good condition compared to a basketball court in poor condition. However, the same study 
observed more users at a poorly-maintained grass field compared to a well-maintained grass 
field [99]. 
3.6.3. AESTHETICS 
In the qualitative review of McCormack et al. (2010), park aesthetics was found to be 
important for all age groups: graffiti and vandalism discouraged park use, wildlife was 
perceived both positive (e.g., positive experiences with wildlife in the park encouraged park 
use among Australian 6- to 18-year-old youth) and negative (e.g., fear of wildlife could 
discourage park use among 17- to 18-year-old adolescents in a US study) and natural aspects 
such as trees, bushes and fresh air were positive features for children, adolescents and adults 
[108,110]. However, a Scottish focus group study revealed that adolescents consider graffiti 
as an attractive characteristic, as long as it is located at designated spaces (e.g. graffiti wall) 
[113]. 
3.6.4. SIZE OF PUBLIC OPEN SPACES 
Giles-Corti et al. (2005) reported that public open spaces should be sufficiently large because 
larger public open spaces tend to have more attributes and could possibly satisfy the needs of 
all users [96]. This is supported by the results of the observational study of Loukaitou-Sideris 
et al. 2010 in 100 US parks, who revealed that a larger park size was associated with  larger 
absolute numbers of children in the parks [114]. 
3.6.5. SAFETY 
In this section all safety-related elements of public open spaces will be discussed. Perceived 
safety is a very important factor for the use of public open spaces for people of all ages and 
related to most of the characteristics described above. For example, dangerous or poorly 
maintained features could possibly influence fear of injuries (features and maintenance), 
whereas the presence of graffiti could influence feelings of safety (aesthetics). A Scottish 
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qualitative study with 13- to 14-year-old adolescents revealed that overgrown dark places, 
poor lighting, vandalism and litter made them feel less safe and less likely to visit a public open 
space [113]. Additionally, in a US focus group study among 12- to 14-year-old adolescents, 
uneven grass, holes in the grounds and glass on the courts made sport fields unsafe and less 
attractive to use [115]. An Australian study revealed that adolescent girls performed more 
moderate- to vigorous-intensity physical activity after school if their closest public open space 
had signage regarding dogs [101]. Contradictory, in an observational study in the US, safety-
related features in parks (e.g., park staff, lighting, emergency phones) were negatively related 
with the number of children in the park [114]. However, a Brazilian survey study reported 
overall safety, dangerous traffic and lighting not to be related to park-based physical activity 
among 14- to 18-year-old boys, whereas poor lighting was negatively related with park-based 
physical activity among girls [116].  
3.6.6. SOCIAL CHARACTERISTICS 
Focus groups revealed that adolescents and children perceive the presence of older youth at 
public open spaces as a barrier for physical activity, as they often do not let younger children 
play along, use bad language and bully younger children [108,113]. Additionally, the presence 
of drug users and people that were drinking alcohol would deter public open space visitation 
among adolescents [113]. The presence of peers of the same age or friends at public open 
spaces on the other hand was perceived as encouraging for physical activity among children 
and adolescents, whereas their absence would be discouraging for physical activity [108]. 
Additionally, adolescents indicated to go to public open spaces to have some time in 
quietness, away from the hassle at home or school [113].  
3.6.7. CONCLUSION 
The previous sections provided an overview of the existing evidence on the associations 
between public open space characteristics and public open space visitation and physical 
activity. Additionally, an overview of the existing literature at the start of the doctoral thesis 
can be found in Table 3. However, as most research originates from the US or Australia, the 
results and recommendations of these studies for public open space development may not be 
generalizable to European public open spaces. European cities have different city structures 
and differences exist concerning the physical activity- and sport-culture compared to the US 
and Australia. Furthermore, a review on qualitative research from 2010 on the park 
characteristics that influence park use and physical activity included 21 studies, of which only 
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five focused on adolescents. Four of these five studies had very small samples (n<20) [110]. 
Therefore, at the start of this doctoral thesis, additional qualitative and quantitative research 
was warranted to gain insight into public open space characteristics influencing adolescents’ 
public open space visitation and physical activity.  
Additionally, in order to determine causal relationships, natural experiments have to be 
performed. A natural experiment evaluates the effects of changes in the real world (e.g., park 
renovations) that are often not controlled by the researchers but by public open space 
administrators such as city councils and urban planners [117]. A few natural experiments 
showed promising results: the instalment of outdoor exercise equipment in twelve US parks 
was related to an increase of estimated energy expenditure among users of all ages [118] and 
the instalment of trails in two US cities increased physical activity levels among all ages 
[119,120]. Additionally, park- an playground-improvements were positively related to the 
number of people walking and vigorously active in an Australian park [121]. However, the 
improvement of two playgrounds in a New-Zealand community was related to an increase in 
physical activity levels among children (5- to 10-years-old) with low BMI and a decrease in 
physical activity among children with high BMI [122]. However, other natural experiments did 
not find any relation between park- an playground-improvements and physical activity among 
Australian 2- to 12-year-old children [123] or between the instalment of trails in a US city and 
time spent in physical activity among adults [124]. Additional experimental studies are needed 
in order to determine causal relationships of public open space characteristics with public 
open space visitation and physical activity. However, such natural experiments are difficult to 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4. PROBLEM ANALYSIS, OBJECTIVES AND OUTLINE OF THE THESIS 
The general introduction of this doctoral thesis revealed some shortcomings in the literature 
concerning European physical activity prevalence data, the use of public open spaces in 
Europe and the characteristics associated with public open space visitation and physical 
activity among adolescents. Therefore, this doctoral thesis had four aims: 1) to provide an 
overview of current physical activity levels among European adolescents, (2) to gain insight 
into the use of public open spaces in Flanders, (3) to define the environmental public open 
space characteristics associated with adolescents’ public open space visitation and physical 
activity and (4) to develop an experimental study using manipulated photographs to identify 
the most important park characteristics influencing adolescents’ park visitation and physical 
activity.  
In order to obtain health benefits, the World Health Organisation recommends adolescents to 
engage in at least 60 minutes of moderate- to vigorous-intensity physical activity every day 
[8]. It is important to get insight into the prevalence of compliance with physical activity 
recommendations in European adolescents. Since cultural differences and different physical 
activity policies exist across European countries it can be hypothesized that there will be 
different physical activity levels across countries. Therefore, the first aim was to provide an 
overview of current adolescents’ physical activity levels across European countries (Part 2: 
Original Research: chapter 1).  
The first study (Part 2: Original Research: chapter 1) revealed low levels of physical activity 
among youth across Europe, with only 6% of the Flemish girls and 17% of the Flemish boys 
reporting to comply to the physical activity guidelines of 60 minutes physical activity daily 
[126]. Public open spaces (e.g., parks, squares, playgrounds, vacant lots) are present in almost 
all neighbourhoods and have been shown to be an important location for adolescents’ 
physical activity in the US [88]. However, not much is known about the use of public open 
spaces in Europe or Belgium and cultural and environmental differences between the US and 
Europe make it hard to generalize the results from US studies. Therefore, the second aim of 
this doctoral thesis was to gain insight into the use of public open spaces in Flanders (Part 2: 
Original Research: chapter 2). First, a study using direct observation was conducted to 
investigate the use of parks in Ghent (a small sized city in Flanders, Belgium that comprises an 
37 
area of 156.18 km² and 253,266 inhabitants: population density: 1622 inh/km²) [127,128])  
(Part 2: Original Research: chapter 2.1). Within this study the characteristics of park users, the 
activity levels of park users and the types of activities performed were described. Additionally, 
the associations between park areas, weekday or weekend and time of day, and the observed 
number of park users and physical activity levels of park users for males and females and 
children/adolescents and adults/seniors was examined. Both children/adolescents and 
adults/seniors were included in this study as different age groups might use parks differently 
and parks should be designed to fit all age groups’ needs. Furthermore, including all age 
groups enables the comparison of how adolescents use parks, with park use by other age 
groups. 
Research studying the use of public open spaces among adolescents is scarce and most 
research originates from the US and Australia. Additionally, most existing research used 
measures of the neighbourhood or the public open space closest to home, assuming that 
these are the public open spaces most used, whereas in few studies GPS and accelerometers 
are used to objectively define location-specific physical activity. Furthermore, it has been 
shown that individual differences exist concerning the use of public open spaces (e.g., gender 
and age differences). Consequently, there was a need for European studies using GPS devices 
and accelerometers to define location specific public open space use and physical activity 
among adolescents. Therefore, a second study was performed to describe the prevalence, 
frequency and context (i.e., company, locations and reason) of public open space visitation 
and to gain insight into the individual, social and physical environmental factors associated 
with time, sedentary time and physical activity at public open spaces among Flemish (Belgian) 
adolescents by using GPS devices and accelerometers (Part 2: Original Research: chapter 2.2). 
Previous research has shown that specific aspects of public open spaces such as quality, safety, 
aesthetics and features of public open spaces may be more important than the availability and 
accessibility of public open spaces [88]. However, at the start of this doctoral thesis, research 
concerning the association of public open space characteristics with public open space 
visitation and physical activity among adolescents and in Europe was scarce. Therefore, the 
third aim of this doctoral thesis was to define the environmental public open space 
characteristics associated with adolescent public open space visitation and physical activity 
(Part 2: Original Research: chapter 3).  
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Given the rapid growth in research studying the associations between public open space 
characteristics and public open space visitation or physical activity since the beginning of this 
doctoral thesis, it was needed to provide an overview of the current knowledge on the specific 
characteristics that are associated with adolescents’ public open space visitation and physical 
activity. Therefore, a systematic literature review on the characteristics of public open spaces 
associated with public open space visitation and physical activity was performed. The aim of 
this reviews was to provide a comprehensive overview of the existing qualitative and 
quantitative evidence on public open space characteristics associated with public open space 
visitation and physical activity among adolescents (Part 2: Original Research: chapter 3.1). 
Second, a study using walk-along interviews (i.e. an interview that takes place while walking 
in the public open space that is the subject of the interview) was conducted to identify the 
physical and social environmental factors influencing adolescents’ public open space visitation 
and physical activity (Part 2: Original Research: chapter 3.2).  
 
In the general introduction, the need for experimental studies was emphasized. Natural 
experiments can inform policies about which public open space characteristics are causally 
related to adolescents’ physical activity. Additionally, policy makers and urban planners are 
often limited by budgets, which forces them to prioritize on the most important specific 
characteristics of public open spaces that are related to public open space visitation and 
physical activity among adolescents. Therefore, in 2014 it was attempted to perform a natural 
experiment in a park in Ghent (Flanders, Belgium) that was planned to be renovated in 2015. 
However, due to changes in the planning, the renovations have not been executed up to today 
(2017). Subsequently, it was not possible to continue the natural experiment. However, the 
baseline data have been used to gain insight in to the current use of parks in Flanders 
(Belgium) (see second aim and Part 2: Original Research: chapter 2.1). An alternative and cost-
effective method to examine which park characteristics are most important to attract 
adolescents to visit and be physically active in parks is the use of manipulated photographs 
(i.e. where virtual environmental changes are examined without actual changing the real park 
environment) [129-131]. Using manipulated digital photographs allows to systematically vary 
specific park characteristics and control other characteristics such as the weather. Responses 
to colour digital photographs have shown good validity in relation to on-site responses [132-
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134] and can offer a good alternative to natural experiments. Based on the above described 
walk-along study (Part 2: Original Research: chapter 3) public open space characteristics 
(including parks) that are important for adolescent public open space visitation and physical 
activity were identified. However, to gain insight into which public open space characteristics 
are most important, experimental research was needed. Therefore, the fourth aim of this 
doctoral thesis was to develop an experimental study using manipulated photographs to 
identify the most important park characteristics influencing adolescents’ park visitation and 
physical activity (Part 2: Original Research: chapter 4). In order to fulfil this aim, a study using 
a digital questionnaire including manipulated photographs was conducted (Part 2: Original 
Research: chapter 4.1).   
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5. OVERVIEW OF METHODS AND STUDIES 
In total, seven papers are included in this doctoral thesis: four research articles that report the 
results of four cross-sectional studies and three systematic literature reviews. A wide range of 
methods has been used to fulfil the aims of this doctoral thesis: three systematic literature 
reviews, a qualitative study using interviews, an observational study, a study using GPS devices 
and accelerometers and an experimental study using manipulated photographs.  
The first aim of this doctoral thesis was to gain insight into the prevalence of adolescents’ 
physical activity levels in European countries. This systematic literature review was part of a 
European project called DEDIPAC: “DEterminants of DIet and Physical ACtivity”. In 2013 twelve 
European member states established this knowledge hub through a joint programming 
initiative. One of DEDIPAC’s aims was to enable a better standardized and more continuous 
pan-European needs analysis, i.e. to monitor dietary, physical activity and sedentary 
behaviours and changes in these behaviours across the life course and within populations to 
identify target populations for (policy) interventions [135]. The first step within this project 
was to perform a systematic literature review with the aim to provide an overview of the 
existing studies that monitor cross-European levels of physical activity among youth, to 
describe the variation in population levels of physical activity in youth and to define challenges 
regarding the assessment and reporting methods. 
The second aim of this doctoral thesis was to gain insight into the use of public open spaces in 
Flanders. Two studies were conducted to achieve this aim. The first study (Part 2: Original 
Research: chapter 2.1) used direct observations to gain insight into the characteristics of park 
users, activity levels of park users, type of activities that were performed and the associations 
of park areas, day and time of day with the observed number of park users and physical activity 
levels of park users. The study was conducted in two parks in Ghent: “Park de Vijvers” 
(51,313m² , including a pond, grassy field with playground, wooded areas, trails) and “Paul 
Van Tieghempark” (31,502m², including a pond, grassy field with playground, wooded areas 
and trails). The Environmental Assessment of Public Recreation Spaces (EAPRS) tool was used 
to provide a descriptive overview of the park amenities and features of the two parks that 
were included in this study. EAPRS provides an all-inclusive assessment of the physical 
environment of a park with high reliability [136]. The System for Observing Play and 
Recreations in Communities (SOPARC) was used to obtain direct information on park use and 
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characteristics of the park users. SOPARC has been shown to be a reliable and feasible 
instrument to assess physical activity in parks and individual characteristics (e.g., age and 
gender) of park users [137]. Before the observations, both parks were divided into observable 
target areas (five to seven areas per park) which represented specific locations within the 
parks (e.g., wooded area, grassy area with a playground, ponds, trails). On-site observations 
were conducted for nine days (simultaneous measurements in the two parks), by trained 
researchers, who scanned each target area and recorded the age, gender, ethnicity and 
activity level of the park users. Associations of the independent variables (park area and 
temporal characteristics: week or weekend day, time of the day) with the dependent variables 
(number of park users and physical activity levels) were examined using multilevel Hurdle 
models using the package LME4 in R version 3.1.0.  
The second study within chapter 2, used GPS and accelerometer data in order to describe the 
prevalence, frequency and context (i.e., company, locations and reason) of public open space 
visitation and to gain insight into the individual, social and physical environmental factors 
associated with time, sedentary time and physical activity at public open spaces among 
adolescents. First participants were asked to fill in a questionnaire concerning demographics. 
Next, participants were instructed to wear a GPS device and accelerometer for four to five 
days, after which the GPS data were used to create a personal map of all locations visited 
during these days. These maps were used during a one-on-one interview where participants 
were asked about the reasons for visiting, the activities performed and company at public 
open spaces. All GPS and accelerometer data were processed and matched using the Personal 
Activity and Location Movement System (PALMS©). Within PALMS all data points were 
allocated to one of the four domains: transport, home, school or leisure and data from the 
one-on-one interviews were added. Multilevel Hurdle and Gamma models were used to 
account for the structure of the data, skewness and high amount of zero’s.  
The third aim was to gain insight into the public open space characteristics related to public 
open space visitation and physical activity. A systematic literature review was conducted with 
the aim to gain insight into the public open space characteristics associated with public open 
space visitation and physical activity. In April 2017 four literature databases were searched for 
peer reviewed articles, focussing on 12- to 16-year-old adolescents, written in English, 
published after the first of January 2000 and examining associations of public open space 
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characteristics with public open space visitation and physical activity. The search resulted in 
seventeen qualitative studies and fourteen quantitative studies. 
Additionally, a qualitative study was conducted using walk-along interviews with 30 12- to 16-
year-old adolescents. A walk-along interview is conducted while walking within the public 
open space and allows to study participants’ interpretation of the public open space while 
experiencing it and thus uses the advantages of both face-to-face interviews and observations. 
Adolescents were recruited by face-to-face contact in low SES neighbourhoods. The interview 
consisted of three consecutive parts which were audiotaped. The first component of the 
interview included questions that assessed demographics, use of public open space, sport club 
membership and frequency of attending sport club. Second, questions assessing the social 
environment were asked. These open-ended questions were used to prompt a conversation 
about the social environment and to gain more insight and in-depth information on how the 
social context, modelling, social networks and social trust and cohesion influenced public open 
space visitation and physical activity. Third, a semi-structured walk-along interview was 
conducted in the public open space where participants were recruited. The participant and 
researcher walked through the public open space while conducting the walk-along interview. 
Qualitative data from the audiotaped walk-along interviews and the social environmental 
questions were transcribed verbatim and analysed using Nvivo 10 software. Data analysis was 
guided by a grounded theory approach, which consists of systematic, yet flexible, guidelines 
for collecting and analysing qualitative data to construct theories from the data [138].  
 
The fourth aim of this doctoral thesis was to develop an experimental study using manipulated 
photographs to identify the most important park characteristics influencing adolescents’ park 
visitation and physical activity. A choice-based conjoint (CBC) study using manipulated 
photographs was conducted in ten secondary schools in Ghent. CBC analyse makes it possible 
to examine how people value different characteristics (e.g., park upkeep) of a product (e.g., a 
park) and to understand which characteristics are the most influential on participants’ 
preferences. Furthermore, within CBC analysis it is possible to systematically vary specific park 
characteristics (which is often not possible in park renewal projects) and control other 
environmental characteristics (such as the weather) [139]. First, 6912 photographs were 
developed and manipulated on ten characteristics with multiple levels using Photoshop 
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software. A web-based questionnaire was developed using Sawtooth software (Lighthouse 
studio 9.2.0). In the first section of the questionnaire, participants were asked to complete 
items concerning demographics, school, residence, highest level of parental education, 
nationality, ethnicity, park use and physical activity levels. In the second part of the 
questionnaire, participants were asked to perform two sets of CBC tasks, each with ten 
individual choice tasks. Participants were presented with two photographs of a park with 
different combinations of levels of park characteristics. In the first set of tasks, participants 
had to choose which park from the two displayed parks they preferred to visit, while in the 
second task, they were asked to choose the park most supportive for physical activity. 
Hierarchical Bayes Estimations were used to calculate (1) average utilities that represent the 
desirability of each level within a park characteristic and (2) importance scores which reflect 
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Abstract
Background: Regular physical activity is associated with physical, social and mental health benefits, whilst
insufficient physical activity is associated with several negative health outcomes (e.g. metabolic problems).
Population monitoring of physical activity is important to gain insight into prevalence of compliance to physical
activity recommendations, groups at risk and changes in physical activity patterns. This review aims to provide an
overview of all existing studies that measure physical activity in youth, in cross-European studies, to describe the
variation in population levels of physical activity and to describe and define challenges regarding assessment
methods that are used.
Methods: A systematic search was performed on six databases (PubMed, EMBASE, CINAHL, PsycINFO, SportDiscus
and OpenGrey), supplemental forward- and backward tracking was done and authors’ and experts’ literature databases
were searched to identify relevant articles. Journal articles or reports that reported levels of physical activity in
the general population of youth from cross-European studies were included. Data were reviewed, extracted and
assessed by two researchers, with disagreements being resolved by a third researcher. The review protocol of
this review is published under registration number CRD42014010684 in the PROSPERO database.
Results: The search resulted in 9756 identified records of which 30 articles were included in the current review.
This review revealed large differences between countries in prevalence of compliance to physical activity
recommendations (i.e. 60 min of daily moderate- to vigorous-intensity physical activity (MVPA)) measured
subjectively (5–47 %) and accelerometer measured minutes of MVPA (23–200 min). Overall boys and children
were more active than girls and adolescents. Different measurement methods (subjective n = 12, objective
n = 18) and reported outcome variables (n = 17) were used in the included articles. Different accelerometer
intensity thresholds used to define MVPA resulted in substantial differences in MVPA between studies conducted
in the same countries when assessed objectively.
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Conclusions: Reported levels of physical activity and prevalence of compliance to physical activity recommendations
in youth showed large variation across European countries. This may reflect true variation in physical activity as well as
variation in assessment methods and reported outcome variables. Standardization across Europe, of methods to assess
physical activity in youth and reported outcome variables is warranted, preferably moving towards a pan-European
surveillance system combining objective and self-report methods.
Key words: Youth, Prevalence, Assessment method, Childhood, Health behaviour, Activity level
Background
Recommendations published by the World Health
Organization (WHO) state that children and adolescents
should accumulate at least 60 min of moderate- to
vigorous-intensity physical activity (MVPA) daily. Add-
itionally, within these 60 min, vigorous-intensity physical
activity (VPA) should be incorporated at least three
times per week [1]. Such levels of physical activity are
associated with physical, social and mental health bene-
fits [2–4]. Besides, physical activity in childhood and
adolescence is positively related to adult physical activity
[4, 5] and health [4, 6].
To establish accurate prevalence data and to monitor
changes in physical activity in youth, valid and reliable
measures are required [7, 8]. Physical activity can either
be measured objectively or subjectively. Traditionally,
physical activity is assessed by means of self-report ques-
tionnaires, especially in larger population studies [9, 10].
Because such self-report measures are prone to bias,
recently more objective assessment methods (e.g. pe-
dometers or accelerometers) are also being used [11].
However, such objective methods come with their own
challenges. For example, consensus still has to be reached
regarding the accuracy of steps recorded by different
pedometers [12], as well as the specific accelerometer
intensity thresholds [11, 13] that correspond with low
intensity physical activity (LPA), MVPA or VPA in youth.
Furthermore, pedometer and accelerometer assessments
do not provide information regarding the context of
physical activity [14].
In 2013, twelve European Member States established a
Knowledge Hub on DEterminants of DIet and Physical
ACtivity (DEDIPAC) through a joint Programming Ini-
tiative. One of DEDIPAC’s aims is: “enabling a better
standardised and more continuous pan-European ‘needs
analysis’, i.e. to monitor dietary, physical activity and sed-
entary behaviours and changes in these behaviours across
the life course and within populations to identify targets
and target populations for (policy) interventions” [15].
Providing an overview of the existing cross-European
(i.e. more than one European country involved) studies
that monitor physical activity and sedentary behaviour
levels, and their reported population levels, was identified
as the first step towards standardisation in population
surveillance. In 2010 the WHO [16] published an ex-
tensive report, with an overview of existing national
and international studies on physical activity levels in
European countries. Unfortunately, this report did not
provide country specific physical activity levels. Also, it
was concluded that national studies used various
methods and often non-standardized instruments
which led to non-comparable data. Therefore, this sys-
tematic review gives an update of cross-European sur-
veillance systems, and reports physical activity levels
per country in order to enable comparison of physical
activity levels between countries.
Within DEDIPAC, four systematic literature reviews
have been conjointly performed to study the variation in
population levels of 1) physical activity in youth (the
current review) 2) sedentary behaviour in youth [17], 3)
physical activity in adults [18] and 4) sedentary behav-
iour in adults [19]. The purpose of this systematic review
is to provide an overview of existing cross-European
studies on physical activity in European youth (<18 years),
to describe the variation in population levels of physical
activity in European youth and in assessment methods
used to assess physical activity in cross-European studies,
and to define challenges regarding the assessment and
reporting methods. These results will be discussed in
relation to possible harmonization of physical activity
measurement and monitoring across Europe.
Methods
As described in the introduction this systematic litera-
ture review is part of a set of four reviews. Because the
four systematic reviews originate from the same project,
have similar objectives (although for different behaviours
and/or age groups) and share their methodology, the
introduction-, methods- and discussion sections of the
review articles have obvious similarities. The search, ar-
ticle selection, data extraction and quality assessment
were conducted conjointly for all four reviews. Subse-
quently, the included articles were allocated to the
appropriate review. One article could be included in
multiple reviews. If an article included both youth
(<18 years) and adults (≥18 years) and presented strati-
fied results, those stratified results were used in the ap-
propriate review. If the article did not present stratified
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results, the article was allocated to the most appropriate
review, based on the mean age (and age distribution) of
the study sample. Before the search commenced, review
protocols were written based on the “Centre for Reviews
and Dissemination’s guidance for undertaking reviews in
health care” [20], and registered in the PROSPERO data-
base [21]. The review protocol of this review on physical
activity in youth is published under registration number
CRD42014010684. The reporting of this systematic re-
view adheres to the preferred reporting items of the
PRISMA-P checklist (Additional file 1).
Search strategy
The search was conducted in June 2014 and updated
in February 2016. Six databases (PubMed, EMBASE,
CINAHL, PsycINFO, SportDiscus and OpenGrey) were
searched using similar search strategies, adapted to
each database. The following search terms were used:
‘Physical activity’ OR ‘Sedentary behaviour’ AND ‘Europe’
(including all individual country names) AND ‘Countries’/
’Multi-country’/’International’. Both the index terms and
the title and abstract were searched and synonyms (e.g.
for physical activity: physically active and physical exer-
cise) were used. The complete search string can be found
in Additional file 2. Based on the in- and exclusion criteria
described below, search filters of the databases were used
when possible, for example to select the appropriate publi-
cation period or language.
In addition, complementary search strategies were
used. After the full-text review phase, the reference lists
of the included articles were scanned (backward track-
ing) and a citation search was performed for the in-
cluded articles (forward tracking) to identify potentially
appropriate articles. Also, several experts in the field of
physical activity and sedentary behaviour were contacted
to provide additional articles. Finally, all authors in-
volved in the four reviews were asked to search their
own literature databases for appropriate articles. All add-
itionally retrieved articles underwent the same selection
process as the original articles - as described below.
Article selection
All retrieved records were imported into Reference
Manager 12 (Thomson Reuters, New York). Duplicates
were hand-searched and removed. Records were in-
cluded if they were journal articles, reports or doctoral
dissertations (further referred to as ‘articles’) written in
English. To be included articles needed to report on ob-
servational studies conducted after 01-01-2000 (to avoid
reporting outdated data) in the general, healthy popula-
tion. In addition, articles were only included if they pro-
vided data for two or more European countries (as
defined by the Council of Europe) [22]. With regard to
physical activity, articles were included if they reported
total physical activity (e.g. minutes/day or meeting rec-
ommendations), and/or physical activity in leisure time.
Articles that only reported on transport, occupational or
household physical activity were excluded. Both subjec-
tive (e.g. questionnaires) and objective (e.g. accelerome-
ters) measures were included.
Three researchers (AL,LVH,MV) were involved in the
article selection, data extraction and quality assessment.
For the title selection, the three researchers each inde-
pendently reviewed 1/3 of the titles of the retrieved ar-
ticles. For the abstract and the full-text selection, data
extraction and quality assessment, the three researchers
each covered 2/3 of the articles, so that each article was
independently reviewed, extracted and assessed by two
different researchers. Disagreement between the two re-
searchers was resolved by the third researcher.
Data extraction
A standardized data extraction file was used to extract
data regarding the study characteristics, the study sample,
the assessment methods, the reported outcomes, and
the findings. We did not obtain the original data. The
complete data extraction file can be found in Additional
file 3. To present the data more clearly and to allow for
comparisons between age groups, the results are pre-
sented and discussed separately for children (age 0–12)
and adolescents (age 13–18). When a study reported on a
sample that covered both childhood and adolescence (e.g.
9–15 year olds), the data was presented in both sections
in this manuscript.
Quality assessment
A quality score was used to provide a general overview
of the quality of the included articles. The ‘Standard
quality assessment criteria for evaluating primary research
papers from a variety of fields’ [23] was used for the as-
sessment. The checklist consists of fourteen items to be
scored ‘Yes’ (2 points), ‘Partial’ (1 point), ‘No’ (0 points)
and ‘Not applicable’. The summary score was calculated
as follows: Total sum ((number of ‘Yes’ x 2) + (number of
‘Partial’ x 1))/Total possible sum (28 – (number of ‘Not
applicable’ x 2)). This instrument was chosen because it
provides the opportunity to assess and compare the qual-
ity of different study designs, focuses on both the research
and the reporting, and allows researchers to indicate that
an item is not applicable, without affecting the total
quality score. The complete quality assessment file can
be found in Additional file 4.
Results
Overview of the existing cross-European studies on
physical activity in youth
Our search (original and update combined) resulted
in 9756 articles, after exclusion of duplicates. After
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the titles and abstracts were screened, 581 full texts
were obtained and reviewed. This resulted in 80 ar-
ticles, of which 30 articles reported data on physical
activity in youth [24–53]. The three main reasons for
exclusion for the four reviews together were: (a)
fewer than two countries involved (n = 183), (b) out-
come not reported per country (n = 144), and (c)
suitability of the reported outcome variables, for ex-
ample when only active transportation was reported
(n = 135) (Fig. 1).
We only included articles published between 2000
and 2016 but 80 % (n = 24) were published after 2008.
All articles except two had a cross-sectional design:
Ortega et al. [37] used a longitudinal design, but only
follow up data of this study were included in the review,
because baseline data were collected before 2000 and
Ekelund et al. [47] pooled data from cross-sectional and
longitudinal studies. The number of European countries
included in these articles, ranged from 2 to 36. All arti-
cles included data from boys and girls and sample size
ranged from 301 to 479,674 participants. The quality
score ranged from 0.68 to 1 (maximum score = 1). A
short summary of the articles including demographic
characteristics of the sample, assessment methods and
reported outcome variables per article is presented in
Table 1.
Variation in population levels of physical activity in
European Youth
Levels of physical activity are presented by European
country for children (0–12 years) in Table 2 and for ado-
lescents (13–18 years) in Table 3. Most articles included
in this review provided data from datasets of larger
European studies such as the ENERGY-, EPAPA-, EYHS,
HBSC-, ICAD-, IDEFICS, ISCOLE- or TOYBOX-study.
To describe the variation in population levels of physical
activity in youth (Tables 2 and 3; Figs. 2 and 3), not all
articles were included to avoid presenting results from
the same data twice. If there was more than one article
per study reporting exactly the same outcome variable in
a similar way in the same sample, the article with the
largest amount of information was chosen [28–30, 32,
38, 39, 42, 44, 46, 47, 49, 50]. No data were available for
the following countries: Andorra, Azerbaijan, Bosnia and
Herzegovina, Cyprus (no data for adolescents), Georgia,
Liechtenstein, Monaco, Montenegro, San Marino and
Serbia. These countries (n = 10) represent 21 % of the 47
European countries but less than 3 % of the European
population [54]. For clarity, values presented in the ta-
bles are for the total sample numbers, except where the
articles reported data for boys and girls separately. For
the Health Behaviour in School Children (HBSC study),
the most recent data was presented in the tables
Fig. 1 Flowchart of the combined review process
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(survey13/14). The values of the 11 year olds were included
in Table 2 and the values for the 15 year olds in Table 3.
Generally, boys were more active than girls independ-
ent of the measurement method or reported outcome
variables, and children tended to be more active than ad-
olescents (Tables 2 and 3). Moreover, in most European
countries, less than 50% of children and adolescents
complied with the recommended levels of physical activ-
ity, regardless of the measurement method. However,
there was a large variation between countries. The HBSC
study was arguably the best option to compare PA levels
in youth between European countries, because it in-
cluded data from 36 countries. Self-reported data from
HBSC 2016 [46] indicated that among 11-year-olds Italy
(13 %), Denmark (15 %) and Greece (16 %) had the low-
est prevalence of children meeting recommended phys-
ical activity levels, while Finland (41 %), Ireland (38 %)
and Bulgaria (36 %) had the highest prevalence. How-
ever, self-report data are likely to provide less valid data
of compliance to physical activity recommendations [55].
Comparison of physical activity levels among youth in
European countries using objective measurement methods
For effective comparison of physical activity levels among
youth between articles, the same physical activity outcome
variables have to be reported and data have to be cleaned
and processed the same way. The best comparable out-
come reported in the included articles (i.e. not influenced
by the specific intensity thresholds that are used), was
accelerometer measured average daily counts per minute
(CPM). In Figs. 2 and 3, accelerometer derived average
daily CPM are presented for children and adolescents.
Average daily counts per minute varied between 492 CPM
and 804 CPM for children and between 486 and 647 CPM
for adolescents. Some differences between countries can
be observed for the data in children, for example within
one study [38] an average CPM of 804 was reported for
Norway compared with an average CPM of 670 for
Denmark. Furthermore, some variation within countries
can be observed, for example one study [47] reported an
average CPM of 711 for 9–10 year old Norwegians,
whereas another study [38] reported an average CPM of
804 for Norwegian 9-year-olds. In adolescents more
similar results between and within countries were found.
The objectively measured outcome that was reported
most frequently was “minutes of MVPA per day”. Figure 4
shows minutes of MVPA per day in children for articles
reporting accelerometer derived data. Different intensity
thresholds for converting accelerometer-based CPM to
minutes per day of MVPA were used across the articles.
Fig. 2 Average daily counts per minute in children across countries based on different articles. When data were reported separately for boys and
girls [30, 38], the mean was reported. Ekelund et al. [47] reported on pooled data from different studies and cleaned and processed the data
together. In the Figure the original study is mentioned in the legend: ENERGY = European energy balance research to prevent excessive weight
gain among youth; EYHS = European Youth Heart Study; ICAD = International Children’s Accelerometry Database; CSCIS = Copenhagen School
Child Intervention Study; ALSPAC = Avon Longitudinal Study of Parents and Children; PEACH = Personal and Environmental Associations with
Children’s Health; SPEEDY = Sport, Physical activity and Eating behaviour, Environmental Determinants in Young People; MAGIC =Movement and
Activity Glasgow Intervention in Children; KISS = Kindersportstudie; Verloigne et al. [30] reported counts per 15 s, to harmonize results, this was
multiplied by four to obtain counts per minute
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These cut-off decisions resulted in different classifications
of activity levels. For example Riddoch et al. [38] reported
179 min of MVPA in children per day in Portugal,
compared to 29 min reported by Ekelund et al. [47].
This resulted in a difference of 150 min of MVPA per day
in the same country, even though these articles used the
same dataset from the EYHS study. The high values of
MVPA across any country reported in the articles of
Riddoch et al. [38] and Nilsson et al. [36] can be attri-
buted to the low intensity thresholds that were used to
define MVPA (respectively >1000 CPM and >2000
CPM) compared to the intensity threshold used in the
other articles [30, 31, 47] (>3000 CPM).
Figure 5 shows minutes of MVPA per day in adoles-
cents for articles reporting accelerometer derived data.
The same pattern can be observed as in children. Mi-
nutes of MVPA per day in the articles of Riddoch et al.
[38] and Nilsson et al. [36] were markedly higher in
each country than the values reported in the article of
Ekelund et al. [47] due to the intensity thresholds that
were used (respectively >1000 CPM and >2000 CPM
and >3000 CPM). However, Ortega et al. [37] and Nilsson
et al. [36] used the same intensity threshold (>2000
CPM) but did not report similar levels of MVPA due to
differences in age of participants and period of data col-
lection: participants in the article of Nilsson et al. [36]
were 15 years old compared to 18 years in the article of
Ortega et al. [37] and data used by Nilsson et al. [36]
was collected between 1997 and 2000 and the data re-
ported by Ortega et al. [37] was collected in 2007. This
indicates that variation in levels of physical activity
reported in different articles is not only due to the in-
tensity thresholds that were used, but also to sample
characteristics and data collection periods.
Comparison of physical activity levels among youth in
European countries using subjective measurement methods
In Fig. 6 subjectively measured percentage of children
meeting the guidelines is presented for 5 countries.
ENERGY data reported by Jimenez-Pavon et al. [29] and
data from the most recent HBSC report 2016 [46] (survey
09/10) are compared. Data from both studies included
about 50 % girls and age groups were comparable (11 year
olds [44] and 10–12 years olds [29]). The HBSC study
[46] included one single item question on the number of
days over the ‘past’ week that participants were physically
active for a total of at least 60 min per day. This included
sport participation, active transportation, physical activity
at school and physical activity at home. The ENERGY
study [29] on the other hand included questions on
sports participation (2 questions) and active transport
(4 questions) in a ‘usual’ week. The two studies reported
Fig. 3 Average daily counts per minute in adolescents across countries based on different articles. When data were reported separately for boys
and girls [37, 38], the mean was reported. Ekelund et al. [47] reported on pooled data from different studies and cleaned and processed the data
together. In the Figure the original study is mentioned in the legend: EYHS = European Youth Heart Study; ICAD = International Children’s
Accelerometry Database; ALSPAC = Avon Longitudinal Study of Parents and Children; PEACH = Personal and Environmental Associations with
Children’s Health; KISS = Kindersportstudie
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Fig. 5 Minutes per day of accelerometer based MVPA in adolescents across countries based on different articles. When data were reported
separately for boys and girls [37, 38] or week and weekend day [36], the mean was reported. Ekelund et al. [47] reported on pooled data from
different studies and cleaned and processed the data together. In the Figure the original study is mentioned in the legend. EYHS = European
Youth Heart Study; ICAD = International Children’s Accelerometry Database; ALSPAC = Avon Longitudinal Study of Parents and Children;
PEACH = Personal and Environmental Associations with Children’s Health
Fig. 4 Minutes per day of accelerometer based MVPA in children across countries based on different articles. When data were reported separately
for boys and girls [30, 38] or week and weekend day [36], the mean was reported. Ekelund et al. [47] reported on pooled data from different
studies and cleaned and processed the data together. In the Figure the original study is mentioned in the legend. ENERGY = European energy
balance research to prevent excessive weight gain among youth, EYHS = European Youth Heart Study; ICAD = International Children’s Accelerometry
Database; CSCIS = Copenhagen School Child Intervention Study; ALSPAC = Avon Longitudinal Study of Parents and Children; PEACH = Personal and
Environmental Associations with Children’s Health, SPEEDY = Sport, Physical activity and Eating behaviour, Environmental Determinants in Young
People, KISS = Kindersportstudie; ISCOLE = The international study of childhood obesity, lifestyle and the environment
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different amounts of children meeting the guidelines of
60 min of daily MVPA within each European country.
For Spain, Greece, Belgium, Hungary (only girls), The
Netherlands (only girls) and Switzerland (only girls)
the HBSC study [46] reports higher percentages of
compliance to physical activity guidelines compared to
the ENERGY study [29], whereas for Norway, Slovenia,
Switzerland (only boys) and Hungary (only boys) the
ENERGY study [29] reports higher percentages of children
meeting guidelines compared to the HBSC study [46].
Variation in assessment methods and reported outcome
variables
Because there was a large variation in measurement
methods and reported outcome variables, an overview is
presented in Table 4. Measurement of physical activity
was done either objectively (with accelerometers) or sub-
jectively (e.g. with questionnaires or ecological momen-
tary assessment). More than half (n = 16) of the articles
included in this review used accelerometers, two used
pedometers, ten articles used a questionnaire and two
articles used ecological momentary assessment. All ques-
tionnaires were self-administered. Eight articles asked
questions regarding physical activity in the seven days
prior to questionnaire administration and two asked
questions regarding an “average week”. The outcomes
were reported in seventeen different ways (for example
one article [35] reported “% of total time spent in
MVPA”, whereas another [37] reported “MVPA in mi-
nutes per day”). Of these reported outcomes “% meeting
the guidelines on physical activity” (n = 15) and “minutes
per day of MVPA” (both measured objectively and sub-
jectively) (n = 11) were used most often. Five different in-
tensity thresholds were used to define MVPA measured
with accelerometers in children ranging from >1000 CPM
to >3000 CPM and four different intensity thresholds were
used in adolescents ranging from >1500 CPM to >2296
CPM. Several accelerometer models were used in the
included articles: the EYHS study [34–38] used an older
ActiGraph model (MTI7164), whereas in the EPAPA
study [32, 33], study by Ramirez-Rico et al. [26] and
ISCOLE study [52] more recent ActiGraph models were
used (GT1M and GTX3). In the ENERGY study [30, 31],
IDEFICS study [49–51] and ICAD study [47, 48] a com-
bination of different models was used: the ENERGY-study
used one old (Actitrainer) and two new (GT1M, GT3X)
ActiGraph models, the IDEFICS-study used one old (Acti-
trainer) and one newer ActiGraph model (GT1M) and the
ICAD-study pooled studies that used three different
models (two older models: 7164, 71256 and one newer
model: GT1M).
Fig. 6 Questionnaire based percentage of boys and girls engaging in MVPA for≥ 60 min daily in 8 countries across Europe. ENERGY = European
energy balance research to prevent excessive weight gain among youth; HBSC = health behaviour in school-aged children
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Table 4 Assessment methods and reported outcome variables in the articles included in the systematic review
Study N Article number reference list
Not part of an international study 4 [24–27]
ENERGY 4 [28–31]
EPAPA 2 [32, 33]
EYHS 5 [34–38]
HBSC 8 [39–46]





Accelerometer 16 [26], ENERGY [30, 31], EPAPA [32, 33], EYHS [34–38],
ICAD [47, 48], IDEFICS [49–51], ISCOLE [52]
Pedometer 2 [25], TOYBOX [53]
Questionnaire 10 ENERGY [28, 29], HBSC [39–46]
Ecological momentary assessment 2 [24, 27]
Accelerometer model
ActiGraph
GT1M 8 [26], ENERGY [30, 31], IDEFICS [49–51], ICAD [47, 48]
GT3X 5 ENERGY [30, 31], EPAPA [32, 33], ISCOLE [52]
Actitrainer 5 ENERGY [30, 31], IDEFICS [49–51]
7164 7 EYHS [34–38], ICAD [47, 48]
71256 2 ICAD [47, 48]
Pedometer model
Yamax Digiwalker SW-200 1 [25]
Omron Walking Style Pro pedometers (HJ-720IT-E2) 1 TOYBOX [53]
Name of questionnaire
ENERGY questionnaire 2 ENERGY [28, 29]
HBSC questionnaire (Prochaska et al. (2001) [67]) 8 HBSC [39–46]
Mode of questionnaire administration
Self-administered 10 ENERGY [28, 29], HBSC [39–46]
Timing physical activity measurement
Average per week 2 ENERGY [28, 29]
Last seven days/week 8 HBSC [39–46]
Reported outcome variables
Total physical activity 12 [24, 25], ENERGY [28, 30, 31], EYHS [34–36, 38],
ICAD [47, 48], TOYBOX [53]
Accelerometer measured (cnts/min/day) 6 EYHS [34–36, 38], ICAD [47, 48]
Accelerometer measured (cnts/15 s/day) 2 ENERGY [30, 31]
Steps/day 2 [25], TOYBOX [53]
Self-report diary/questionnaire (min/day) 2 [24], ENERGY [28]
MVPA (min/day) 11 [26], ENERGY [30, 31], EPAPA [32, 33],
EYHS [36–38], ICAD [47, 48], ISCOLE [52]
MPA (min/day) 1 [26]
VPA (min/day) 2 [26], ISCOLE [52]
% of total time LPA/MVPA/VPA 2 EYHS [35], IDEFICS [49]
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Table 4 Assessment methods and reported outcome variables in the articles included in the systematic review (Continued)
LPA (500–2000 CPM) 1 EYHS [35]
MVPA (>1680 CPM) 1 IDEFICS [49]
MVPA (>2000 CPM) 1 EYHS [35]
VPA (>3000) 1 EYHS [35]
% of participants meeting recommendations 15 [27], ENERGY [29, 30], EPAPA [32],
HBSC [39–46], IDEFICS [50, 51], TOYBOX [53]
≥ 60 min on ≥ 5 days 4 HBSC [39–41, 43]
≥ 60 min on ≥ 7 days 10 [27], ENERGY [29, 30], EPAPA [32] HBSC [42, 44–46], IDEFICS [50, 51],
≥ 180 min on≥ 7 days 1 TOYBOX [53]
physical activity accumulated in 10 min bouts≥ 60 min on≥ 7 days 1 EPAPA [32]
% of participants≥ 2 days/week VPA 5 HBSC [41–44, 46]
Mean number of days active ≥ 1 h 1 HBSC [40]
10 min bouts MVPA(min/day) 1 EPAPA [32]
Intensity thresholds used for:
MVPA children (0–12 years old)
> 1000 CPM 1 EYHS [38]
> 1680 CPM 1 IDEFICS [49]
> 2000 CPM 4 EYHS [34–37]
> 2296 CPM 4 [26], IDEFICS [50, 51], ISCOLE [52]
> 3000 CPM 4 ENERGY [30, 31], ICAD [47, 48]
MVPA adolescents (13–18 years old)
> 1500 CPM 1 EYHS [38]
> 2000 CPM 3 EYHS [34, 36, 37]
> 2296 CPM 4 [26], EPAPA [32, 33], ISCOLE [52]
> 3000 CPM 2 ICAD [47, 48]
Guidelines mentioned in article
≥60 min physical activity on at ≥5 days 4 HBSC [39–41, 43]
≥60 min of physical activity at ≥7 days 18 [26, 27], ENERGY [29, 30], EPAPA [32, 33], EYHS [34–36, 38],
HBSC [42, 44–46], ICAD [47], IDEFICS [50, 51], ISCOLE [52]
≥180 min of physical activity at ≥7 days 1 TOYBOX [53]
No guidelines reported 7 [24, 25], ENERGY [28, 31], EHYS [37], IDEFICS [49], ICAD [48]
Results reported separately for
Study (article pooled multiple studies) 3 ICAD [47, 48], HBSC [45]
Gender 19 [24, 25, 27], ENERGY [28–30], EPAPA [32], EYHS [34–38],
HBSC [40–44, 46], IDEFICS [50]
Week and weekend day 6 [24], [26], EYHS [36, 37], EPAPA [32], TOYBOX [53]
Age group 9 EYHS [34, 36–38], HBSC [40, 42, 44, 46], IDEFICS [51]
Weight status 1 IDEFICS [51]
School time/non-school time/after school time 1 [26]




ENERGY European energy balance research to prevent excessive weight gain among youth, EPAPA Evaluation and Promotion of Adolescent Physical Activity, EYHS
European Youth Heart Study, HBSC health behaviour in school-aged children, ICAD International Children’s Accelerometry Database, IDEFICS identification and
prevention of dietary and lifestyle induced health effects in children and infants, CPM counts per minute, min minutes, LPA light-intensity physical activity, MPA
moderate-intensity physical activity, VPA vigorous-intensity physical activity, MVPA moderate- to vigorous-intensity physical activity
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Another notable feature was, that all accelerometers
used in studies included in this review were from one
manufacturer (ActiGraph). This shows that research is
making progress to more standardized measures, and
these data from the same accelerometer may be more
easily comparable [56].
Discussion
The aim of this systematic literature review was to
provide an overview of the current literature on the
population levels of physical activity in youth in cross-
European studies, to present population levels of
physical activity in European youth, to provide an
overview of methods used in cross-European studies
and discuss the impact of different assessment methods.
Thirty articles were included, in which the number of
European countries included ranged from 2 to 36.
Regarding the reported levels of physical activity
across European countries, several observations can be
made. First of all, there is substantial variability between
countries in overall levels of physical activity and in the
prevalence of compliance to recommended physical ac-
tivity levels in youth. In European countries for which
data was reported in the included articles, 5 to 47% of
children and adolescents complied with the recom-
mended levels of physical activity when measured sub-
jectively, which was consistent with previous research
[55]. The objectively measured data ranged from 0 to
60% of youth meeting physical activity recommenda-
tions; depending on the intensity thresholds that were
used. In previous reviews, results suggested prevalence
data between 0 and 100% [55, 56]. Generally, boys were
more active than girls and younger children were more
active than adolescents. This is consistent with previous
literature [57].
These differences may partly be caused by differences
in assessment methods used or in sampling methods,
but may also be partly caused by true differences in na-
tional physical activity levels. This can be illustrated for
accelerometer data by the ICAD study, which cleaned,
reduced and processed data the same way (and thereby
reduced the amount of variability caused by the mea-
surement methods) and found substantial variation
between countries [47, 48]. For subjectively measured
physical activity, the HBSC study, which collected and
processed data the same way, provides an overview of
true variation of compliance to physical activity guide-
lines in 36 European countries [46]. These differences
can possibly be caused by cultural differences or differ-
ences in physical activity policies between countries (e.g.
not all European countries provide the same amount of
physical education lessons in school [58]).
A large number of assessment methods have been
used in cross-European studies, when assessing physical
activity. The use of different methods likely explain
some, but not all, of the variability between countries in
overall levels of physical activity. For example subjective
measurements tend to overestimate measures of physical
activity compared to objectively measured physical activ-
ity [55]. Nevertheless, subjective measurement methods
remain important to measure the context in which phy-
sical activity takes place. In this systematic review the
subjectively measured data revealed some variability
when data were reported in min per day of MVPA. This
might well be due to the discrepancy in the questions
used to examine total amount of MVPA daily. For ex-
ample, to examine the total amount of physical activity
some questionnaires included more domains (such as:
leisure time physical activity, active transportation, phy-
sical activity at school) of physical activity than others.
Therefore, a minimum requirement for cross-country
comparisons include the use of validated, reliable, back-
translated, culturally adapted and standardised questions
when assessing population levels of physical activity in
youth.
Additionally the objectively measured data revealed
that when data are presented in minutes per day of
MVPA, substantial variation in the reported levels of
MVPA in youth is observed. A major factor in this vari-
ation are the different intensity thresholds used in the
different articles to define MVPA from the accelerom-
eter data. Five different intensity thresholds were used to
define MVPA measured with accelerometers in children
ranging from >1000 CPM to >3000 CPM and four differ-
ent intensity thresholds were used in adolescents ranging
from >1500 CPM to >3000 CPM. Therefore, different
conclusions will be drawn on levels of physical activity in
youth depending on which intensity threshold is used. In
a previous review a similar range, of intensity thresholds
to define MVPA, was reported [56]. Nevertheless, most
articles published after 2011 used the intensity thresholds
defined by Evenson et al. [59] which were recommended
by Trost et al. [13]. This clearly illustrates that research is
evolving to more similar methodologies regarding inten-
sity thresholds used for ActiGraph accelerometers.
Consequently, average daily counts per minute (CPM)
is a more comparable measurement outcome, as this is
not influenced by the specific intensity thresholds that
are used. However, this outcome is influenced by data
reduction methods, such as the definition of non-wear
time and wear protocol (e.g. overnight). Furthermore,
this outcome needs calibration in order to be converted
into a meaningful outcome such as minutes spent in
MVPA [60].
Additionally, different types and models of the same
type of accelerometer may produce different results for
the same acceleration which need to be considered when
interpreting accelerometer derived physical activity data
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[61]. However, others have concluded that different
models of the Actigraph accelerometer yield comparable
results [62–66].
No data were available for some countries. These coun-
tries should be included in future international studies.
Only articles based on HBSC data [39–46] included a
broad range of countries (27–36), with all other articles
reporting on less than 10 countries. This implies that the
HBSC study is the only study that reports reasonably
comprehensive data on physical activity levels of youth
across Europe. The HBSC survey (01/02) asked about
physical activity level with one question on physical activ-
ity in the previous week (i.e. “Over the past 7 days, on
how many days were you physically active for a total of at
least 60 min per day?”) and one on a typical week (i.e.
“Over a typical or usual week, on how many days are you
physically active for a total of at least 60 min per day?”).
In the HBSC studies conducted in 04/05, 09/10 and 13/
14 only one question remained (i.e. “On how many days
over the past week were you physically active for a total
of at least 60 min per day”). These questions (developed
by Prochaska et al. [67]) were stated to be a reliable (ICC:
0.77) tool to measure total MVPA in youth and were
found to relate significantly with accelerometer data (r =
0.40, p < 0.001) [67].
Strengths and limitations
A possible limitation of this systematic literature review
was that only articles in English were included, thereby
possibly missing on relevant articles written in another
language. The choice of the databases that were searched
and additional search strategies could have led to pos-
sible missed articles. In this review only articles report-
ing on total physical activity and leisure time physical
activity were included. A selection of other domains
such as active transportation or sport participation may
have provided a different result.
We only included studies comprising at least two
European countries, thereby excluding all national stud-
ies. This was decided as national studies often do not
use standardised self-report instruments and data reduc-
tion and processing methods are diverse, which limits
comparability between countries [16, 68]. Objectively
measured physical activity data from national studies
may have been better comparable than subjectively
measured physical activity data. However, differences
in sampling methods and data cleaning and –reduc-
tion procedures may limit cross-country comparisons.
Harmonization of data prior to comparison between
countries is possible and should be the recommended
practice [16]. Another limitation of this systematic
review was that we excluded all articles that mea-
sured physical activity in youth in multiple European
countries but did not report levels of physical activity
separately per country. Such an example is the HELENA-
study (Healthy lifestyle in Europe by nutrition in adoles-
cence) [69].
The most important strengths of this review are its
systematic character and profound review process. The
search protocol was not adjusted throughout the entire
review process. The search was performed for the four
reviews (on physical activity in youth, physical activity in
adults, sedentary time in youth and sedentary time in
adults) together. This provided a solid search strategy
with the maximum likelihood of capturing all relevant
articles. The study selection, data extraction process, and
quality assessment were performed by two researchers, with
initial disagreement being resolved by a third researcher.
Recommendations for future research
This review shows that there is an urgent need for inter-
national consensus regarding data-cleaning, reduction
and processing rules for accelerometer data and for
standardization of questions used to assess physical ac-
tivity in youth. This can be done by building on previous
work, for example the International Children’s Accelero-
metry Database (ICAD) project pooled individual accel-
erometer data files and cleaned, reduced and processed
it using standardized methods [70]. This can be used as
a good starting point for future international guidelines
on cleaning, reducing and processing accelerometer
data, to assure that outcome variables across studies can
easily be compared. Additionally consensus regarding in-
tensity thresholds for defining different levels of physical
activity intensity based on accelerometer data is needed.
Trost et al. [13] evaluated the validity of 5 different in-
tensity thresholds used to define MVPA with ActiGraph
accelerometers in youth and used indirect calorimetry as
reference. They recommend to use the intensity thres-
hold as proposed by Evenson et al. [59] (i.e. 2296 CPM)
to define MVPA measured with ActiGraph accelerome-
ters in children and adolescents. As currently, most re-
searchers are already using this intensity threshold, this
could be a point of departure for future international
consensus on ActiGraph accelerometer intensity thresh-
olds. Furthermore, many recent accelerometers have the
capacity to store the raw acceleration data in non-
compressed form, eliminating the loss of precision
caused by data compression methods including the use
of “counts” or “epochs”. Thereby removing the need for
“counts” based intensity thresholds, and allowing the
possibility of identifying specific activities from the ac-
celerometer data using neural networking or machine
learning to identify activities followed by the use of “look
up” tables to find an associated energy cost [71, 72].
Additionally there is a wide range of questionnaires
available to assess physical activity and all questionnaires
have inherent limitations. There are still many differences
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in data administration, data cleaning and which domains
of physical activity (such as: active travel, leisure time,
physical activity at school) are questioned. Therefore
harmonization is needed and valid and reliable ques-
tionnaires should be used in future research.
When guidelines are used to define prevalence rates of
physical activity, we recommend to use the WHO [1]
guidelines of 60 min MVPA per day (including vigorous-
intensity physical activities at least three times a week).
Additionally, we recommend future research to report
data separately per country to enable comparison be-
tween countries.
Conclusion
The present review shows that the available cross-
European studies on physical activity in youth used
widely varying objective and subjective physical activity
assessment methods, different definitions of intensity of
physical activity, and various outcome variables. Sub-
stantial variation in levels of physical activity and low
compliance to physical activity recommendations in
youth between countries were reported for subjectively
and objectively measured physical activity. The object-
ively assessed physical activity data varied substantially
among articles due to the intensity thresholds used. The
results highlight the need to standardize or harmonize
data reduction methods, methods to assess physical ac-
tivity and outcome measures used in physical activity re-
search among youth across Europe. A Pan-European
surveillance system should be aimed for, combining
accelerometer-based measures of physical activity with
domain specific physical activity questionnaires to gain
information on the type and context of physical activity.
Additional files
Additional file 1: PRISMA checklist. Checklist for systematic review
according to PRISMA guidelines. (DOCX 25 kb)
Additional file 2: The complete search string. (DOCX 11 kb)
Additional file 3: Data extraction file. The complete data extraction file.
(XLSX 91 kb)
Additional file 4: Quality assessment file. (DOCX 17 kb)
Abbreviations
ALSPAC, Avon Longitudinal Study of Parents and Children; B, boys; BMI, body
mass index; BTS, bouts; CH, cohort; CPM, counts per minute; CS, cross-
sectional; CSCIS, Copenhagen School Child Intervention Study; DEDIPAC,
DEterminants of DIet and Physical ACtivity; E.M.A., ecological momentary
assessment; ENERGY, European energy balance research to prevent excessive
weight gain among youth; ENG, England; EPAPA, Evaluation and Promotion
of Adolescent Physical Activity; EYHS, European Youth Heart Study; FAS,
family affluence scale; FL, flanders; Ft, full-time employed mother; FYRM, The
former Yugoslav Republic of Macedonia; G, girls; HBSC, health behaviour in
school-aged children; ICAD, International Children’s Accelerometry Database;
IDEFICS, Identification and prevention of dietary and lifestyle induced health
effects in children and infants; ISCED, International Standard Classification of
Education; ISCOLE, The international study of childhood obesity, lifestyle and
the environment; KISS, Kinder Sportstudie; LPA, light-intensity physical
activity; LT, longitudinal; MAGIC, Movement and Activity Glasgow Intervention
in Children; min, minutes; MPA, moderate-intensity physical activity; MVPA,
moderate- to vigorous-intensity physical activity; n, non-employed mother;
n. r., not reported; PEACH, Personal and Environmental Associations with
Children’s Health; PEL, parental education level; Pt, part-time employed
mother; SC, Scotland; SES, socio-economic status; SPEEDY, Sport, Physical
activity and Eating behaviour, Environmental Determinants in Young People;
UEM, University Education Mother; VPA, vigorous-intensity physical activity;




“The preparation of this paper was supported by the DEterminants of DIet
and Physical ACtivity (DEDIPAC) knowledge hub. This work is supported by
the Joint Programming Initiative ‘Healthy Diet for a Healthy Life’. The funding
agencies supporting this work are (in alphabetical order of participating
Member State): Belgium: Research Foundation – Flanders; Ireland: The Health
Research Board (HRB); The Netherlands: The Netherlands Organisation for
Health Research and Development (ZonMw); Norway: The Research Council
of Norway, Division for Society and Health.”
Availability of data and supporting materials
Not applicable.
Authors’ contributions
MV, AL and LvH conducted the search, article selection, data extraction and
quality assessment and drafted the manuscript. JL, IH, IDB, BD, AD, UE, JB,
HvdP conceptualized and designed the study. All authors were involved in
critically revising the manuscript for important intellectual content and have
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.
Author details
1Department of Public Health, Faculty of Medicine and Health Sciences,
Ghent University, De Pintelaan 185, 9000 Ghent, Belgium. 2Physical activity,
nutrition and health research unit, Department of Movement and sport
Sciences, Faculty of Physical Education and Physical Therapy, Vrije Universiteit
Brussel, Pleinlaan 2, 1050 Brussels, Belgium. 3Department of Epidemiology
and Biostatistics, VU University Medical Center, EMGO+ Institute for Health
and Care Research, De Boelelaan 1089a, 1081 HV Amsterdam, The
Netherlands. 4Department of Movement and Sports Sciences, Faculty of
Medicine and Health Sciences, Ghent University, Watersportlaan 2, 9000
Ghent, Belgium. 5Department of Public and Occupational Health, VU
University Medical Center, EMGO Institute for Health and Care Research, van
der Boechorststraat 7, 1081 BT Amsterdam, The Netherlands. 6Sydney School
of Public Health, The Charles Perkins Centre (D17), University of Sydney, 2006
Sydney, NSW, Australia. 7Department of Sports Medicine, Norwegian School
of Sport Sciences, PO Box 40140806 Ullevål Stadion, Oslo, Norway. 8Centre
for Physical Activity and Health Research, Department of Physical Education
and Sport Sciences, University of Limerick, Limerick, Ireland. 9TNO Expertise
Centre Lifestyle, Schipholweg 77-89, 2316 ZL Leiden, The Netherlands.
10Body@Work, EMGO+ Institute for Health and Care Research, VU University
Medical Center, van der Boechorststraat 7, 1081 BT Amsterdam, The
Netherlands.
Received: 2 December 2015 Accepted: 11 June 2016
References
1. WHO. Global recommendations on physical activity for health. 2010.
Van Hecke et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:70 Page 20 of 22
80 
2. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the
evidence. Cmaj. 2006;174(6):801–9. doi:10.1503/cmaj.051351.
3. Janssen I, Leblanc AG. Systematic review of the health benefits of physical
activity and fitness in school-aged children and youth. Int J Behav Nutr
Phys Act. 2010;7:40. doi:10.1186/1479-5868-7-40.
4. Hallal PC, Victora CG, Azevedo MR, Wells JC. Adolescent physical activity and
health: a systematic review. Sports Med. 2006;36(12):1019–30.
5. Telama R, Yang X, Viikari J, Valimaki I, Wanne O, Raitakari O. Physical activity
from childhood to adulthood: a 21-year tracking study. Am J Prev Med.
2005;28(3):267–73. doi:10.1016/j.amepre.2004.12.003.
6. Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling VR. American
College of Sports Medicine Position Stand: physical activity and bone
health. Med Sci Sports Exerc. 2004;36(11):1985–96.
7. Caspersen CJ, Nixon PA, DuRant RH. Physical activity epidemiology applied
to children and adolescents. Exerc Sport Sci Rev. 1998;26:341–403.
8. Trost SG. Objective measurement of physical activity in youth: current
issues, future directions. Exerc Sport Sci Rev. 2001;29(1):32–6.
9. Sirard JR, Pate RR. Physical activity assessment in children and adolescents.
Sports Med. 2001;31(6):439–54. doi:10.2165/00007256-200131060-00004.
10. Corder K, Ekelund U, Steele RM, Wareham NJ, Brage S. Assessment of
physical activity in youth. J Appl Physiol (1985). 2008;105(3):977–87.
11. Guinhouya CB, Hubert H, Soubrier S, Vilhelm C, Lemdani M, Durocher A.
Moderate-to-vigorous physical activity among children: discrepancies in
accelerometry-based cut-off points. Obesity (Silver Spring). 2006;14(5):774–7.
doi:10.1038/oby.2006.89.
12. Schneider PL, Crouter S, Bassett DR. Pedometer measures of free-living
physical activity: comparison of 13 models. Med Sci Sports Exerc. 2004;
36(2):331–5. doi:10.1249/01.MSS.0000113486.60548.E9.
13. Trost SG, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of accelerometer
cut points for predicting activity intensity in youth. Med Sci Sports Exerc.
2011;43(7):1360–8. doi:10.1249/MSS.0b013e318206476e.
14. Dollman J, Okely AD, Hardy L, Timperio A, Salmon J, Hills AP. A hitchhiker’s
guide to assessing young people’s physical activity: Deciding what method
to use. J Sci Med Sport. 2009;12(5):518–25. doi:10.1016/j.jsams.2008.09.007.
15. Lakerveld J, van der Ploeg HP, Kroeze W, Ahrens W, Allais O, Andersen LF, et
al. Towards the integration and development of a cross-European research
network and infrastructure: the DEterminants of DIet and Physical ACtivity
(DEDIPAC) Knowledge Hub. Int J Behav Nutr Phys Act. 2014;11:143. doi:10.
1186/s12966-014-0143-7.
16. WHO. Review of physical activity surveillance data sources in European
Union Member States. 2010 Contract No.: Report no. 6.
17. Verloigne M, Loyen A, Van Hecke L, Lakerveld J, Hendriksen I, De
Bourdheaudhuij I, et al. Variation in population levels of sedentary time in
European children and adolescents: a systematic review within DEDIPAC. Int J
Behav Nutr Phy. Under review. doi:10.1186/s12966-016-0395-5.
18. Loyen A, Van Hecke L, Verloigne M, Hendriksen I, Lakerveld J, Steene-
Johanessen J, et al. Variation in population levels of physical activity in
European adults: a systematic literature review within DEDIPAC. Int J Behav
Nutr Phy. Under review. doi:10.1186/s12966-016-0398-2.
19. Loyen A, Verloigne M, Van Hecke L, Hendriksen I, Lakerveld J, Steene-
Johannessen J, et al. Variation in population levels of sedentary time in
European adults: a systematic literature review within DEDIPAC. Int J Behav
Nutr Phy. Under review. doi:10.1186/s12966-016-0397-3.
20. Centre for Reviews and Dissemination. Systematic reviews: CRD's guidance
for undertaking reviews in health care. 2008. CRD, University of York, York.
21. PROSPERO. http://www.crd.york.ac.uk/PROSPERO/. Accesed 11 Nov 2015.
22. Council of Europe. http://www.coe.int/en/web/about-us/our-member-states
Accesed 11 Nov 2015
23. Kmet LM, Lee RC, Cook LS. Standard quality assessment criteria for
evaluating primary research papers from a variety of fields. 2004. Alberta
Heritage Foundation for Medical Research.
24. Biddle SJH, Soos I, Hamar P, Sandor I, Simonek J, Karsai I. Physical activity
and sedentary behaviours in youth: Data from three Central-Eastern
European countries. European Journal of Sport Science. 2009;9(5):295–301.
doi:10.1080/17461390902829234.
25. Duncan MJ, Birch SL, Eyre E, Bryant E, Rutten C, Boen F, et al. Comparisons
in ambulatory physical activity in children from the United Kingdom and
Belgium. Ann Hum Biol. 2015;42(3):290–2. doi:10.3109/03014460.2014.
944568.
26. Ramirez-Rico E, Hilland TA, Foweather L, Fernandez-Garcia E, Fairclough SJ.
Weekday and weekend patterns of physical activity and sedentary time
among Liverpool and Madrid youth. European Journal of Sport Science.
2014;14(3):287–93. doi:10.1080/17461391.2013.827242.
27. Soos I, Biddle S, Ling J, Hamar P, Sandor I, Boros-Balint I, et al. Physical
activity, sedentary behaviour, use of electronic media, and snacking among
youth: an international study. Kinesiology. 2014;46(2):155–63.
28. Fernandez-Alvira JM, De Bourdeaudhuij I, Singh AS, Vik FN, Manios Y, Kovacs
E, et al. Clustering of energy balance-related behaviors and parental
education in European children: the ENERGY-project. Int J Behav Nutr Phy.
2013;10. doi: 10.1186/1479-5868-10-5.
29. Jimenez-Pavon D, Fernandez-Alvira JM, te Velde SJ, Brug J, Bere E, Jan N,
et al. Associations of parental education and parental physical activity (PA)
with children’s PA: the ENERGY cross-sectional study. Prev Med. 2012;55(4):
310–4. doi:10.1016/j.ypmed.2012.07.011.
30. Verloigne M, Van Lippevelde W, Maes L, Yildirim M, Chinapaw M, Manios Y,
et al. Levels of physical activity and sedentary time among 10- to 12-year-
old boys and girls across 5 European countries using accelerometers: an
observational study within the ENERGY-project. Int J Behav Nutr Phys Act.
2012;9:34. doi:10.1186/1479-5868-9-34.
31. Yildirim M, Schoeni A, Singh AS, Altenburg TM, Brug J, De Bourdeaudhuij I,
et al. Daily variations in weather and the relationship with physical activity
and sedentary time in European 10- to 12-year-olds: The ENERGY-Project. J
Phys Act Health. 2014;11(2):419–25. doi:10.1123/jpah.2012-0102.
32. Aibar A, Bois JE, Generelo E, Zaragoza Casterad J, Paillard T. A cross-cultural
study of adolescents’ physical activity levels in France and Spain. European
Journal of Sport Science. 2013;13(5):551–8. doi:10.1080/17461391.2012.746733.
33. Aibar A, Bois JE, Zaragoza Casterad J, Generelo E, Paillard T, Fairclough S.
Weekday and weekend physical activity patterns of French and Spanish
adolescents. European Journal of Sport Science. 2014;14(5):500–9. doi:10.
1080/17461391.2013.829127.
34. Andersen LB, Harro M, Sardinha LB, Froberg K, Ekelund U, Brage S, et al.
Physical activity and clustered cardiovascular risk in children: a cross-
sectional study (The European Youth Heart Study). Lancet. 2006;368(9532):
299–304. doi:10.1016/s0140-6736(06)69075-2.
35. Ekelund U, Sardinha LB, Anderssen SA, Harro M, Franks PW, Brage S, et al.
Associations between objectively assessed physical activity and indicators of
body fatness in 9- to 10-y-old European children: a population-based study
from 4 distinct regions in Europe (the European Youth Heart Study). Am J
Clin Nutr. 2004;80(3):584–90.
36. Nilsson A, Anderssen SA, Andersen LB, Froberg K, Riddoch C, Sardinha LB,
et al. Between- and within-day variability in physical activity and inactivity in
9- and 15-year-old European children. Scand J Med Sci Sports. 2009;19(1):
10–8. doi:10.1111/j.1600-0838.2007.00762.x.
37. Ortega FB, Konstabel K, Pasquali E, Ruiz JR, Hurtig-Wennlof A, Maestu J, et al.
Objectively measured physical activity and sedentary time during
childhood, adolescence and young adulthood: a cohort study. PLoS One.
2013;8(4):e60871. doi:10.1371/journal.pone.0060871.
38. Riddoch CJ, Andersen LB, Wedderkopp N, Harro M, Klasson-Heggebo L,
Sardinha LB, et al. Physical activity levels and patterns of 9-and 15-years-old
European children. Med Sci Sports Exerc. 2004;36(1):86–92. doi:10.1249/01.
Mss.0000106174.43932.92.
39. Janssen I, Katzmarzyk PT, Boyce WF, Vereecken C, Mulvihill C, Roberts C,
et al. Comparison of overweight and obesity prevalence in school-aged
youth from 34 countries and their relationships with physical activity
and dietary patterns. Obes Rev. 2005;6(2):123–32. doi:10.1111/j.1467-
789X.2005.00176.x.
40. Currie Cea. Young people’s health in context. Health behavior in school
aged children (HBSC): international report from the 2001/2002 survey. 2004
41. Haug E, Rasmussen M, Samdal O, Iannotti R, Kelly C, Borraccino A, et al.
Overweight in school-aged children and its relationship with demographic
and lifestyle factors: results from the WHO-Collaborative Health Behaviour in
School-aged Children (HBSC) study. International Journal of Public Health.
2009;54 Suppl 2:167–79. doi:10.1007/s00038-009-5408-6.
42. Currie Cea. Inequalities in young people’s health. Health behavior in school
aged children (HBSC): international report from the 2005/2006 survey. 2008.
43. Ramos P, Brooks F, Garcia-Moya I, Rivera F, Moreno C. Eating habits and
physical activity in dieter and non-dieter youth: A gender analysis of
English and Spanish adolescents. Social Science Journal. 2013;50(4):575–82.
doi:10.1016/j.soscij.2013.09.017.
44. Currie Cea. Social determinants of health and well-being among young
people. Health behavior in school aged children (HBSC): international report
from the 2009/2010 survey. 2010.
Van Hecke et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:70 Page 21 of 22
81 
45. Kalman M, Inchley J, Sigmundova D, Iannotti RJ, Tynjala JA, Hamrik Z, et al.
Secular trends in moderate-to-vigorous physical activity in 32 countries
from 2002 to 2010: a cross-national perspective. Eur J Pub Health. 2015;25
Suppl 2:37–40. doi:10.1093/eurpub/ckv024.
46. Inchley J, Currie D, Young T, Samdal O, Torsheim T, Augustson L, et al.
Growing up unequal: gender and socioeconomic differences in young
people’s health and well-being. International report from the 2013/2014
survey. 2016.
47. Ekelund U, Luan JA, Sherar LB, Esliger DW, Griew P, Cooper A, et al.
Moderate to vigorous physical activity and sedentary time and
cardiometabolic risk factors in children and adolescents. JAMA. 2012;
307(7):704–12. doi:10.1001/jama.2012.156.
48. Hildebrand M, Kolle E, Hansen BH, Collings PJ, Wijndaele K, Kordas K, et al.
Association between birth weight and objectively measured sedentary time
is mediated by central adiposity: data in 10,793 youth from the International
Children’s Accelerometry Database. Am J Clin Nutr. 2015;101(5):983–90.
doi:10.3945/ajcn.114.103648.
49. Gwozdz W, Sousa-Poza A, Reisch LA, Ahrens W, Eiben G, Fernandez-Alvira JM,
et al. Maternal employment and childhood obesity - A European perspective.
J Health Econ. 2013;32(4):728–42. doi:10.1016/j.jhealeco.2013.04.003.
50. Konstabel K, Veidebaum T, Verbestel V, Moreno LA, Bammann K, Tornaritis
M, et al. Objectively measured physical activity in European children: the
IDEFICS study. Int J Obes. 2014;38 Suppl 2:S135–43. doi:10.1038/ijo.2014.144.
51. Kovacs E, Hunsberger M, Reisch L, Gwozdz W, Eiben G, De Bourdeaudhuij I,
et al. Adherence to combined lifestyle factors and their contribution to
obesity in the IDEFICS study. Obes Rev. 2015;16 Suppl 2:138–50.
doi:10.1111/obr.12349.
52. Katzmarzyk PT, Barreira TV, Broyles ST, Champagne CM, Chaput JP,
Fogelholm M, et al. Physical activity, sedentary time, and obesity in an
international sample of children. Med Sci Sports Exerc. 2015;47(10):2062–9.
doi:10.1249/MSS.0000000000000649.
53. De Craemer M, Lateva M, iotova V, De Decker E, Verloigne M, De
Bourdeaudhui I et al. Differences in Energy Balance-Related Behaviours in
European Preschool Children: The ToyBox-Study. PLoS One. 2015;10(3).
54. Eurostat. European statistics. http://ec.europa.eu/eurostat/. Accessed
02 Nov 2015.
55. Ekelund U, Tomkinson G, Armstrong N. What proportion of youth are
physically active? Measurement issues, levels and recent time trends. Br J
Sports Med. 2011;45(11):859–65. doi:10.1136/bjsports-2011-090190.
56. Guinhouya BC, Samouda H, de Beaufort C. Level of physical activity among
children and adolescents in Europe: a review of physical activity assessed
objectively by accelerometry. Public Health. 2013;127(4):301–11.
doi:10.1016/j.puhe.2013.01.020.
57. Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M, et al. Age and
gender differences in objectively measured physical activity in youth. Med
Sci Sports Exerc. 2002;34(2):350–5.
58. Physical Education and Sport at School in Europe Eurydice Report.
European Commission/EACEA/Eurydice, 2013.
59. Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of two
objective measures of physical activity for children. J Sports Sci. 2008;26(14):
1557–65. doi:10.1080/02640410802334196.
60. Cliff DP, Reilly JJ, Okely AD. Methodological considerations in using
accelerometers to assess habitual physical activity in children aged 0–5
years. J Sci Med Sport. 2009;12(5):557–67. doi:10.1016/j.jsams.2008.10.008.
61. Grydeland M, Hansen BH, Ried-Larsen M, Kolle E, Anderssen SA. Comparison
of three generations of ActiGraph activity monitors under free-living
conditions: do they provide comparable assessments of overall physical
activity in 9-year old children? BMC Sports Sci Med Rehabil. 2014;6:26. doi:
10.1186/2052-1847-6-26.
62. Robusto KT, Trost SG. Comparison of three generations of ActiGraph™ activity
monitors in children and adolescents. J Sports Sci. 2012;30(13):1429–35.
63. Kozey SL, Staudenmayer JW, Troiano RP, Freedson PS. Comparison of the
ActiGraph 7164 and the ActiGraph GT1M during self-paced locomotion.
Med Sci Sports Exerc. 2010;42(5):971–6. doi:10.1249/MSS.0b013e3181c29e90.
64. John D, Tyo B, Bassett DR. Comparison of four ActiGraph accelerometers
during walking and running. Med Sci Sports Exerc. 2010;42(2):368–74. doi:
10.1249/MSS.0b013e3181b3af49.
65. Lee KY, Macfarlane DJ, Cerin E. Comparison of three models of actigraph
accelerometers during free living and controlled laboratory conditions.
European Journal of Sport Science. 2013;13(3):332–9. doi:10.1080/17461391.
2011.643925.
66. Vanhelst J, Mikulovic J, Bui-Xuan G, Dieu O, Blondeau T, Fardy P, et al.
Comparison of two ActiGraph accelerometer generations in the assessment
of physical activity in free living conditions. BMC research notes. 2012;5:187.
doi:10.1186/1756-0500-5-187.
67. Prochaska JJSJ, Long B. A physical activity screening measure for use with
adolescents in primary care. Archives of Paediatrics and Adolescent
Medicine. 2001;155:554–9.
68. Rutten A, Ooijendijk WT, Schena F, Sjostrom M, Stahl T, Vanden Auweele Y,
Welshman J, Ziemainz H. Physical activity monitoring in Europe. The
European Physical Activity Sur veillance System (EUPASS) approach and
indicator testing. Public Health Nutr. 2003;6(4):377–84.
69. Moreno LA, De Henauw S, Gonzalez-Gross M, Kersting M, Molnar D,
Gottrand F, et al. Design and implementation of the Healthy Lifestyle in
Europe by Nutrition in Adolescence Cross-Sectional Study. Int J Obes. 2008;
32 Suppl 5:S4–11. doi:10.1038/ijo.2008.177.
70. Sherar LB, Griew P, Esliger DW, Cooper AR, Ekelund U, Judge K, et al.
International children’s accelerometry database (ICAD): design and methods.
BMC Public Health. 2011;11:485. doi:10.1186/1471-2458-11-485.
71. Staudenmayer J, Pober D, Crouter S, Bassett D, Freedson P. An artificial
neural network to estimate physical activity energy expenditure and identify
physical activity type from an accelerometer. J Appl Physiol (1985). 2009;
107(4):1300–7. doi:10.1152/japplphysiol.00465.2009.
72. Mannini A, Sabatini AM. Machine learning methods for classifying human
physical activity from on-body accelerometers. Sensors. 2010;10(2):1154–75.
doi:10.3390/s100201154.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:































CHAPTER 2.1.  

















Linde Van Hecke, Jelle Van Cauwenberg, Peter Clarys, Delfien Van Dyck, Jenny Veitch, 
Benedicte Deforche 
 








Active Use of Parks in Flanders (Belgium):
An Exploratory Observational Study
Linde Van Hecke 1,2,*, Jelle Van Cauwenberg 1,3, Peter Clarys 2, Delfien Van Dyck 3,4,
Jenny Veitch 5 and Benedicte Deforche 1,2
1 Department of Public Health, Faculty of Medicine and Health Sciences, Ghent University,
9000 Ghent, Belgium; Jelle.VanCauwenberg@ugent.be (J.V.C.); Benedicte.Deforche@ugent.be (B.D.)
2 Physical Activity, Nutrition and Health Research Unit, Department of Movement and Sport Sciences,
Faculty of Physical Education and Physical Therapy, Vrije Universiteit Brussel, 1050 Brussels, Belgium;
peter.clarys@vub.ac.be
3 Department of Movement and Sport Sciences, Faculty of Medicine and Health Sciences, Ghent University,
9000 Ghent, Belgium; Delfien.VanDyck@UGent.be
4 Fund for Scientific Research Flanders (FWO), 1000 Brussels, Belgium
5 Institute for Physical Activity and Nutrition (IPAN), School of Exercise and Nutrition Sciences,
Deakin University, Geelong Waurn Ponds Campus, Geelong, VIC 3216, Australia;
jenny.veitch@deakin.edu.au
* Correspondence: linde.vanhecke@ugent.be; Tel.: +32-9-332–8368
Academic Editor: Paul B. Tchounwou
Received: 25 October 2016; Accepted: 26 December 2016; Published: 30 December 2016
Abstract: Parks have the potential to increase physical activity at the community level by providing 
opportunities to be active. In order to inform interventions to promote physical activity in parks,
insight is needed concerning park user characteristics, the activity level of park users, the types of
activities performed and associations between park areas and temporal variables with observed 
physical activity levels. Park user characteristics (sex, age, ethnicity and activity level) were recorded 
within pre-defined park areas in two parks in Ghent (Belgium) using the System for Observing
Play and Recreation in Communities (SOPARC). Most park users were male, adult, and engaged in 
vigorous-intensity physical activity(48%). Activities most observed were biking(38%), sitting(23%)
and walking (15%); accordingly, trails were used most and had the highest levels of physical activity 
compared to other park areas. Parks were used least frequently in the morning, during the weekend 
and by seniors. Therefore, active park use during morning periods, on weekend days and by seniors
should be promoted and urban planners should consider that different park areas can possibly elicit 
varying activity levels among park users.
Keywords: direct observation; recreation; physical activity; SOPARC; active living
1. Introduction
Worldwide, the number of people with chronic diseases and who are overweight or obese
increases continuously [1,2]. Previous research has shown that regular physical activity can prevent
becoming overweight or obese [3,4] and is related to a lower incidence of chronic diseases [5]. However,
most people do not meet physical activity recommendations [6,7]. Therefore, there is an urgent need
for interventions promoting physical activity to enhance population health [5,8]. Previous research
suggests that parks can play an important role in promoting physical activity among people of all ages
as parks are present in most communities and are generally free to use [9–11]. Parks can provide a
suitable setting for organized and non-organized physical activity by providing a variety of physical
activity facilities. In an urban environment, parks can also be a destination to visit by foot or bike [12,13]
Int. J. Environ. Res. Public Health 2017, 14, 35; doi:10.3390/ijerph14010035 www.mdpi.com/journal/ijerph
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and thereby have the potential to increase physical activity even if park users engage in sedentary
behaviour after arriving at the park.
A substantial amount of research has demonstrated that people living closer to parks perform more
leisure-time and park-based physical activity [11,14–18]. Moreover, studies from Australia and the UK
have shown that park users are more likely to comply to physical activity recommendations [19,20].
However, there seems to be a difference in physical activity levels depending on the kind of park area
or facilities used (i.e., wooded area, tennis court, trails and paths, meadows, open spaces) [21–24].
For example, in the U.S., Besenyi and colleagues (2008) reported higher adult energy expenditure on
paved trails and tennis courts than on open spaces, playgrounds and picnic areas. Among children,
higher energy expenditure was observed in playgrounds compared to picnic shelters [21].
Moreover, Bedimo-Rung and colleagues emphasized in their conceptual model, that not only
structural characteristics of parks, but also individual user characteristics influence park visitation and
park-based physical activity (e.g., women are less likely to visit a park compared to men) [9]. Therefore,
it would be useful to determine physical activity levels according to the specific park area used and to
determine if differences exist based on gender and age of the park users. Park use and park-based
physical activity can also differ between workweek and weekend days and according to the hour of
the day (e.g., U.S. parks were used less frequently during the morning [11]). However, knowledge is
limited in regards to the temporal aspects of park use. Therefore, insight is needed into the time of
the day and day of the week during which parks are used less often so that they can be targeted in
interventions aimed at increasing park use.
Objective information on park users can be obtained through direct observation tools, of which
the System for Observing Play and Recreation in Communities (SOPARC) is the most frequently
used [25,26]. Two recent systematic reviews of studies using SOPARC and other observational
methods to measure park-based physical activity [26,27] indicated that most research originated from
North America and few studies were conducted in Australia [28,29], South America (Brazil) [30,31],
Asia (Taiwan, China) [32,33] and Europe (Denmark and Belgium) [34–36]. One study used
direct observation to determine the association between park-based physical activity levels and
neighbourhood walkability and income in Belgian and U.S. parks. However, they did not report the
specific areas of the parks related to physical activity nor the time of the day and day of the week
when parks were used most often [34]. Research on park visitation and park-based physical activity
in Europe and Belgium is scarce and urban environments in Europe differ from those in other parts
of the world. Accordingly, insight is needed on this topic in order to better understand park user
characteristics, to define priorities for park renewal and construction, and to inform interventions to
promote physical activity in parks.
Therefore, the first aim of this study was to describe the characteristics of park users in Ghent
(Flanders, Belgium), the activity levels of park users and the types of activities performed. Secondly,
this study aimed to examine the association between park areas, day and time of day, and the
observed number of park users and physical activity levels of park users for males and females and
children/adolescents and adults/seniors using direct observation methods.
2. Materials and Methods
2.1. Study Setting
Data collection occurred in two parks in Ghent (Flanders, Belgium) from July to October
2014. The city of Ghent has an area of 157.96 km2 and has 253,266 inhabitants (population density:
1603 inh/km2) [37], of which 11.6% are under 9 years, 9.7% are 10−19 years, 56.9% are 20−59 years and
21.7% are older than 60 years [38]. The Ghent population consists of 49.4% males [38] with 18.8% part
of an ethnic-cultural minority, mostly of Turkish or Bulgarian origin [39]. This study was approved by
the Ethical Committee of the University Hospital in Ghent (2015/0550). The two parks comprised areas
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of 51,313 m2 and 31,502 m2 respectively, and included a variety of features/amenities (i.e., wooded
area (=area with lots of trees), grassy area with a playground, pond, trails, etc.).
2.2. Measurements
2.2.1. The Environmental Assessment of Public Recreation Spaces (EAPRS)
The Environmental Assessment of Public Recreation Spaces (EAPRS) tool was used to provide
an overview of the park amenities and features. This tool is a comprehensive audit instrument that
characterizes the physical environment within public parks [40]. This audit was completed by a
researcher prior to the observations.
2.2.2. The System for Observing Play and Recreation in Communities (SOPARC)
The System for Observing Play and Recreation in Communities (SOPARC) was used to obtain
direct information on park use and characteristics of the park users. SOPARC has been proven to be
a valid and reliable observation tool [25]. Before the observations were conducted, both parks were
divided into observable target areas (5−7 areas per park) which represented specific locations within
the parks (e.g., wooded area, grassy area with a playground, ponds, trails). On-site observations were
conducted for nine days (simultaneous measurements at the two parks), including five weekdays
and four weekend days, on different days of the week and at varying times of the day (7:30, 12:30,
15:30, 18:30) [41]. Each observation moment lasted approximately 20−30 min. At these predetermined
time points, trained researchers scanned each target area and recorded the following characteristics of
the park users: age (child = 0−12 years, adolescent = 13−20 years, adult = 21−59 years and senior
≥60 years), gender, ethnicity (Caucasian or non-Caucasian) and activity level (sedentary, moderate
or vigorous). Additionally, each area was assessed on its accessibility, usability (e.g., not excessively
wet or roped off for repair), equipment (e.g., balls, jump ropes), supervision (adults that are either
payed, or volunteer to supervise in a park), provision of lighting and organization of activities.
In total, 432 scans were completed across 12 target areas (5−7 areas per park) during 36 observation
moments (nine days × four time points) in each park. Observations were only conducted in neutral
to good weather (i.e., no rain) and cancelled observations due to bad weather were rescheduled in the
following week on the same day of the week. Three researchers (Linde Van Hecke, Lars Van Elewijck,
Silke Van Hoof) conducted the observations; however, only a single observer was present in each park
on each day. One researcher (Linde Van Hecke) conducted the observations on all nine days in one
of the two parks. The other two researchers (Lars Van Elewijck and Silke Van Hoof), each performed
observations on four and five days, respectively.
All target areas were accessible and usable but none were supervised or equipped and all
observations took place during daylight hours. Therefore, these variables were not included in
the analysis. The variable “organized activities” was also not included in the analyses because of
the low prevalence of observing organized activities in the parks (2.3% of observation moments).
The target areas which included ponds also had low usage (1.4% of all observation moments) so were
not included in the analyses.
2.2.3. Training of the Researchers
The researchers were trained using the SOPARC protocol and training video [42]. The researchers
conducted ten test observations in each park (20 in total) which consisted of independent observations
that were carried out simultaneously. These were used to establish interrater reliability (IRR) on park
user characteristics (i.e., gender, age, ethnicity and level of physical activity) and park characteristics
(i.e., accessibility, usability, equipment, supervision, lighting and organized activities). Reliability
was defined as good for ICCs ranging from 0.60 to 0.74 and excellent for ICCs higher than 0.75 [43].
Agreement between observers was good to excellent for all user characteristics (ICC = 0.74−1.00).
Agreement for the park characteristics was also good to excellent, with the lowest ICC for usability
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of the target area (ICC = 0.65). As recommended by Hallgren (2012), all IRR estimates from the test
observations had to be good or excellent (>0.60) before the actual observations commenced [43].
2.3. Analyses
In order to analyse the mean physical activity level in each target area during an observation
moment, Metabolic Equivalents (METs)/observation/target area were computed for all users, and
for the different age (children and adolescents, adults and seniors) and gender subgroups within
this area. To do so, the total observed number of park users in each activity level (i.e., sedentary,
moderate or vigorous), was multiplied with the corresponding MET value (sedentary = 1 MET, e.g.,
sitting reading a book; moderate = 3 METs, e.g., walking; vigorous = 6 METs, e.g., jogging). The result
of all activity levels was summed and then divided by the total number of observed park users in
this area to obtain the mean activity level per person. This approach has previously been used by
Van Dyck et al. 2013 [34].
In order to gain insight in gender and age-specific differences in the number of park users and
physical activity levels according to the park area, hour of the day and day of the week, analyses
were performed for males and females, and due to limited power, for youth (0−20 years) and adults
(>20 years) separately rather than for the four age groups. Since all variables were measured at the
park area level, it was not possible to examine interaction effects.
Associations of the independent variables (park area and temporal characteristics: week or
weekend day, time of the day) with the dependent variables (number of park users and physical activity
levels) were examined using multilevel Hurdle models (level 1 = h, level 2 = day, level 3 = target area,
level 4 = park) using the package LME4 [44] in R version 3.1.0 (RStudio Team (2016). RStudio:
Integrated Development for R. RStudio, Inc., Boston, MA, USA). Hurdle models were used because of
the high number of zero observations (i.e., empty target areas). Hurdle models consist of two parts.
First, the association between the independent variables and observing at least one park user in the
park area was estimated by means of logistic regression analysis (binomial variance and logit link
function). This regression coefficient represents the association between the independent variables
and the odds of observing a target area where at least one park user was present. Secondly, the
model estimated the association between the independent variables and the number of users/activity
level for the park areas that were not empty. This regression coefficient represents the proportional
change in number of users/activity level of the park users associated with a one-unit difference in
the independent variables for park target areas where at least one person was present. Based on
the Akaike’s Information Criteria (AIC), the variance and link function that best fitted the data were
defined (Poisson variance with log link function for count variables, and Gamma variance with log
link function for continuous dependent variables). No logistic regression analyses were performed for
the dependent variable “activity level”, as these would yield identical results as the analysis on the
presence of at least one park user. Level of significance was set at α = 0.05.
3. Results
3.1. Descriptive Statistics
In total, 837 park users were observed of which the majority were adults (43.9%), 20.7% were
children (0−12 years), 25.8% were adolescents (13−20 years) and only 9.7% were aged over 60 years.
The majority of participants were male (58.7%), except for the adult category, where gender was
distributed equally. Users were predominantly Caucasian (82.8%), almost half were vigorously active
(48.2%), 24.7% were moderately active and 27.1% were sedentary (Table 1). Park characteristics assessed
using the EAPRS tool are presented in Table 2. The activities that were observed include biking (37.9%),
sitting (22.5%), walking (15.1%), playing (7.3%), walking the dog (5.4%), ball sports (5.0%), jogging
(3.4%), standing (3.2%), and lying down (0.4%). However, during 57.6% of the observation scans, the
target areas had no park visitors present.
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Table 1. Observed park user characteristics.
Park User
Characteristics
Total Children Adolescents Adults Seniors
n % n % n % n % n %
Park users 837 173 20.7 216 25.8 367 43.9 81 9.7
Male 491 58.7 117 67.6 140 64.8 187 51.0 47 58.0
Female 346 41.3 56 32.4 76 35.2 180 49.1 34 42.0
Caucasian 693 82.8 145 83.8 173 80.1 303 82.6 72 88.9
Non Caucasian 144 17.2 28 16.2 43 19.9 64 17.4 9 11.1
Sedentary 227 27.1 35 20.2 71 32.9 101 27.5 20 24.7
Moderately active 207 24.7 55 31.8 49 22.7 75 20.4 28 34.6
Vigorously active 403 48.2 83 48.0 96 44.4 191 52.0 33 40.7
Table 2. Descriptive park characteristics using the EAPRS audit tool.
Descriptive Characteristics Park 1 Park 2
Access
Access to the park is free Yes Yes
Neighbourhood immediately surrounding park Residential Residential
Entrances 3 3
Bike racks No Yes
Parking lots Yes No
Sidewalks adjacent to park Yes Yes
Roadways trough park No No
Trails & paths
Paved trails present No Yes
Unpaved trails No Yes
Paths Yes Yes
General areas
Open space Yes Yes
Meadows No No




Swimming pool No No
Fountain No No
Beach area No No
Eating/drinking features
Water fountain No No
Grill/fire pit No No
Picnic area No No




Entertainment venues No No
Historical features No No
Sitting and resting features (non-trail)
Benches Yes No
Tables No Yes
Seat walls No No
Bleachers No No
Landscaping & General Aesthetics
Flowers No No
Shrubs/bushes No No
Landscaping beds No No
Views of outside park No No
Sculpture of other art No No
Trash cans Yes Yes
Wildlife area No No
Information related features
Rules/regulation signs No No
Maps Yes No
Event postings Yes Yes
Safety related features
Telephone No No
Play structure & other play components
Play structure present Yes (1) Yes (2)
Seating around play structure Yes Yes
Separate play sets for different age groups No No
Surface material Sand Sand
Things to hang from Yes No
Things to slide down Yes (1) Yes (1)
Things to climb on, up, or through Yes (2) Yes (1)
Things to stand or walk on No No
Things to spin Yes (1) No
Swings Yes (1 baby, 1 chair) Yes (2 chair)
Spring toys Yes (3 animals) Yes (2 animals)
Imaginary play structure No No
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3.2. Associations of the Park Areas and Temporal Characteristics with the Odds of Observing at Least
One Park User
The logistic regression model (Table 3) for the total sample shows that the odds of observing at
least one park user were higher at midday, in the afternoon and in the evening compared to morning
observations. Separate analysis revealed similar results for males and females (not at midday) and for
children/adolescents and adults/seniors. The odds of observing at least one park user were higher
on trails compared to grassy areas with a playground. This was found in all separate subgroups.
The odds of observing at least one park user were lower for wooded areas compared to a grassy area
with a playground. When groups were analysed separately, similar results were found for all groups.
Compared to a weekday, the odds of observing at least one park user on a weekend were lower.
This was only found for adults/seniors in the separate analyses but not for children/adolescents nor
when males and females were analysed separately.
3.3. Association of the Park Areas and Temporal Characteristics with the Number of Park Users
This section addresses the results of the second part of the Hurdle models (Poisson models in
Table 3) and represents the proportional change in the number of park users associated with the
independent variables for park target areas where at least one person was present.
In the total sample, no differences were found in the number of park users during midday
compared to morning observations, nor for males, children/adolescents and adults/seniors. However,
57% more females were observed at midday compared to morning observations (95% CI = 1.1−2.3).
In the total sample, 109% more park users were observed in the afternoon compared to morning
observations (95% CI = 1.7−2.7). This was also found for males, females and children/adolescents
but not for adults/seniors. In the total sample, 40% more park users were observed in the evening
compared to morning observations (95% CI = 1.1−1.8). This was also found for children/adolescents
but not for adults/seniors, females or males. On trails, compared to a grassy area with a
playground, no differences were found in the number of park users for the total sample, females and
children/adolescents. However, more males and adults/seniors were observed on trails than grassy
areas with a playground. In wooded areas, there were 55% (95% CI = 0.3−0.7) less park users compared
with grassy areas with a playground. Similar results were found in male and adults/seniors subgroups,
but these differences were not observed among females and children/adolescents. No significant
differences were found in the number of park users during the weekend compared to weekdays.
3.4. Association of the Park Areas and Temporal Characteristics with Park Users’ Activity Levels
The following section describes the results of the Gamma models (Table 4). These analyses
were performed for park areas where at least one person was present. In the total sample, among
males, children/adolescents and adults/seniors, no differences were found in observed activity levels
between morning and midday. The activity level among females was 24% (95% CI = 0.6−1.0) lower at
midday compared to the morning. The activity level of the total sample was 24% (95% CI = 0.6–0.9)
lower in the afternoon compared to morning observations. Similar results were found for females and
adults/seniors, but not for males and children/adolescents. No difference in activity level was found
between evening and morning observations. Activity levels for the total sample (and all subsamples)
was 73% (95% CI = 1.5–2.1) higher on trails compared to grassy areas with a playground. No difference
in activity level was found between wooded areas compared to grassy areas with a playground for
the total sample and all subsamples. Analyses of the total sample, females, children/adolescents and
adults/seniors revealed no difference in activity level between the weekend and weekdays. Activity
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4. Discussion
Sufficient physical activity contributes to better health status across the lifespan, and parks have
the potential to increase physical activity at the community level by providing opportunities for 
physical activity. This study described the characteristics of park users in Ghent (Flanders, Belgium),
the activity levels of park users, the type of activities performed and the associations between park 
areas and temporal variables with observed physical activity levels. The majority of the observed 
visitors were males, adults and were engaged in vigorous-intensity physical activity with cycling,
sitting and walking as the most observed activities. Seniors were the least represented age  group 
and the smallest number of park visitors were observed in the morning and during weekends.  Activity
levels were higher on trails and lower in wooded areas compared to grassy areas with a playground.
Overall, the parks in this study had low levels of visitation (58% of observation moments, parks
were empty), which could possibly be caused by the small amount of features and amenities present in
the parks (according to the audit that was performed). However, these parks were selected because they 
did not have atypical features (for Flanders) and had not been renovated recently. Moreover, organized
activities were limited and supervision and provision of equipment was lacking. This indicates that 
there are many opportunities to improve the attractiveness, use and physical activity within these 
parks. When developing programs to increase park visitation, it is important to determine which
specific target groups are currently underrepresented and could benefit from extra attention, and 
which park areas are associated with higher activity levels. In addition, associations of park areas
and temporal variables with the number of park users and physical activity levels were examined 
according to gender and age group.
Most park users in this study were male (58.7%), which is consistent with previous research
using observational measurements in Belgium [34] and with the results of a review by Evenson and 
colleagues [27]. However, this gender difference was only present for children, adolescents and seniors, 
and not for adults, where the distribution was more equal between males and females. For children
and adolescents, this gender difference may be attributed to higher independent mobility among boys 
compared to girls [45] or by the nature of the activities boys and girls participate in (i.e., girls like
to go shopping, whereas boys prefer to do sports [46]). The age distribution of the park users was 
comparable with those from observational research from the U.S., with the majority of park users 
being adults and only a minority being seniors. In this study, more adolescents were observed than
in U.S. parks [11,25,34,47,48] and Australian parks [28], but less adolescents than in previous Belgian 
research [34]. The relatively low percentage of seniors observed in the parks (9.7% of the park users
were older than 60, compared to 21.7% of the Ghent population [38]) indicates that extra effort may 
be needed to encourage seniors to use parks more often. The city of Ghent has many parks spread 
throughout the city and they should therefore be readily accessible or within close proximity to home
for most residents. However, the current park features/amenities may not encourage seniors to visit 
the parks or access to the parks may be difficult (i.e., uneven footpaths [49]) and discourage visitation.
Future studies need to explore which park features are important for park use among seniors. Of the 
park users observed, 82% were Caucasian, which is representative of the Ghent population and similar 
to previous research [34,39].
  In this study, almost half of the observed park users were observed engaging in vigorous-intensity 
physical activity, whereas in previous observational studies in the U.S., most park users were
sedentary [11,21,22,25,34,47,48]. In Australia, most park users were standing or moderately active [28]. 
Sedentary activities in parks can have social benefits [50] and even people who use parks for sedentary 
activities may travel to the park using active transport such as by foot or bike [12,13]. Previous
research in adolescents indicated that adolescents prefer to alternate between active and sedentary 
activities [51]. Therefore, parks should be designed so that they support both physical activity and
sedentary activities and provide sufficient infrastructure to support active travel to the park. The high 
number of vigorously active users in this study could possibly be attributed to the high number of 
cyclists observed in the parks (38% of park users were cycling). However, it must be noted that most
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cyclists were only passing through the park to travel elsewhere suggesting that the parks offered an
alternative, convenient and/or safe cycling route. Policy makers should take this into account, as
cycling is often forbidden in parks. At least one cycle lane in each park could be a useful strategy for
future park development. The other activities that were frequently observed in the parks in this study
were sitting (23% of users), walking (15% of users) and playing active games such as hide and seek
(7% of users). This could indicate that apart from using a park to cycle through, parks in Flanders
are used mostly as a place to relax rather than to engage in intensive sports or to work out, which is
consistent with the conclusion by Van Dyck et al. (2013) [34]. However, the qualitative results of a
study conducted by Cohen and colleagues (2007) revealed that U.S. parks were used for sedentary
activities such as picnics (22% of users), as well as for more active purposes such as playing basketball
(15% of users) or as spectators of an organized activity (13% of users) [11]. This indicates that cultural
differences may exist in park activities between Europe and the U.S.
Less participants were observed during morning periods and during weekends. However, the
activity levels were lower during the day (for females and all age groups) and higher on the weekend
for males. This may indicate that when less people are present in the park, park users are more likely to
engage in physical activities instead of sitting behaviours, or park users may have different intentions
when they visit a park in the morning (e.g., they are cycling to school/work) compared to during the
day or during the weekend compared to a weekday. Other studies have also shown park visitation
to be lower in the morning [11,28]. However, an Australian study on park use in metropolitan parks
reported more visitors during the weekends [28] than on weekdays, which is contradictory to our
results. These contradicting results could be due to differences in size and location of the parks
included in the Australian study: large metropolitan parks outside of the city (=long travel time)
compared to small parks located in urban areas. If the findings of the current study are confirmed in
future research for small parks, future interventions promoting park use in small urban parks could
possibly target morning and weekends as these are the moments small urban parks are currently
used least.
The odds of at least one park user being present were higher on trails and lower in wooded
areas compared to grassy areas with a playground. No difference was found in the number of
children/adolescents observed on trails and in wooded areas compared to grassy areas with a
playground. This is surprising as it could be hypothesized that children and adolescents would
use a grassy area with a playground more often than a trail [21,52]. This may be the result of analysing
children and adolescents together, thereby age-dependent differences may have been overlooked.
Future research should allow for analyses for each age group separately by including more parks.
Furthermore, the activity level of all user groups was higher on trails compared to grassy areas with
a playground. This could possibly be due to the high number of cyclists on the trails. This supports
previous research from Canada and Denmark that revealed a significant association between the
presence of a walking/cycling path and park-based physical activity in adults [53,54] and research
from Besenyi et al. (2013) that revealed the highest energy expenditure among adults on paved trails
in U.S. parks [21]. A possible approach for future urban planning may be to link existing urban parks
with each other using trails to encourage walking and cycling [53,55]. This could be a suitable strategy
for European historical cities such as Ghent, which are often densely built with many individual small
urban parks.
The higher activity level of children and adolescents on trails compared to grassy areas with a
playground could be explained by the nature of the playgrounds. In the studied parks, the playgrounds
consisted of components that primarily facilitate sedentary behaviour (such as a sand pit) rather than
encourage physical activity. Furthermore, playgrounds are often designed for younger children [51].
Hence, playgrounds that include equipment such as climbing structures or basketball hoops that
encourage physical activity should be chosen over playgrounds that include equipment that promotes
sedentary behaviour [56]. Previous qualitative research in adolescents indicated that adolescents often
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visit public open spaces with younger siblings [51]. Therefore, it is also important that playgrounds
are designed to cater for the needs of multiple age groups.
A possible explanation for higher activity levels of females on trails compared to grassy areas
with a playground could be that when females are present at a grassy area with a playground, they
often engage in standing and sedentary activities to supervise children at the playground [11]. Cohen
and colleagues (2007) have recommended the provision of equipment that provides opportunities for
carers of children to be active near playgrounds while supervising their children (e.g., walking paths
around the playgrounds, or adult fitness stations) [11]. This could be a valuable strategy to increase
physical activity levels in parks among carers of children.
Earlier findings highlight the importance of the presence of trees in parks as this is associated
with physical activity [54,57], mental health [58] and the provision of shade [59]. However, in this
study, the wooded areas had the lowest number of users (55% lower than trails). This low number of
users may be due to the density of the wooded area (in this study the wooded area had a high density
of trees) which may have a negative influence on park users’ perceptions of safety, since secluded areas
may create feelings of insecurity [57,60]. Therefore, park designers should ensure the presence of trees
but avoid creating densely wooded areas.
4.1. Strengths
This study used a valid and reliable observation tool (designed specifically for parks) to assess
park use, park-based physical activity and characteristics of the park users [25]. All observers received
training to use this tool and interrater reliability was confirmed before starting the observations.
Additionally, the same observers performed the observations in both parks at exactly the same time
and on the same days. Cohen et al. (2011) recommended at least four days of observation to obtain
robust measures of park use and user characteristics [41]. In this study, observations were performed
on nine days.
4.2. Limitations
This study only comprised two parks in Ghent and the findings should be considered exploratory.
The audit of park characteristics was not validated by a second observer, and this should be considered
as a limitation of the study. In the future, park audits should include an assessment of the park
areas separately and an assessment of the quality and condition of the park features and amenities.
In addition, to provide a better understanding of the results, future research could include qualitative
methods to study the perceptions of park visitors. The observations only took place during neutral
to good weather, therefore no conclusions could be drawn about the association between weather
and park use. In addition, the observations were performed in summer and beginning of autumn
(July to October) so no seasonal effect could be examined and results may be different in other seasons.
The observations took place at fixed moments in time on nine days and other days and moments could
possibly provide different results. Further, no additional information (such as living close to the park,
income or transport mode to the park) was collected from the park users. A final methodological
limitation is the estimation of the park users’ age which may have led to the misclassification of park
users into different age groups.
5. Conclusions
Flemish parks provide many opportunities for physical activity at the community level but are
currently underutilized. More specifically, (active) park use during morning periods and weekends and
by all age and gender groups with special attention to seniors should be promoted. Furthermore, trails
were found to be the park area that was used most and at the highest level of physical activity. When
designing or renewing urban parks, urban planners and policy makers should take into account that
different park areas may encourage varying physical activity levels among park users and playgrounds
may need to be designed or refurbished in order to encourage physical activity. Future research should
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build on this exploratory research by including a larger number of parks with greater variety of park
areas and by conducting natural experiments to gain insight into the causal relationship between
specific park characteristics, park visitation and park-based physical activity.
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Abstract 
Background: Low physical activity levels and high levels of sedentary time among adolescents call for popula-
tion wide interventions. Public open spaces can be important locations for adolescents’ physical activity. This study 
aimed to describe the prevalence, frequency and context of public open space visitation and to gain insight into the 
individual, social and physical environmental factors associated with public open space use among 12- to 16-year-old 
Flemish (Belgian) adolescents.
Methods: Global positioning system devices, accelerometers and one-on-one interviews were used to measure 
location-specific activity levels, time spent at, reasons for using and accompaniment at public open spaces among 
173 adolescents. Multilevel hurdle and gamma models were used to estimate the associations between the inde-
pendent variables (age, gender, ethnicity, education, sport club membership and accompaniment) and the amount 
of time, sedentary time, light-, moderate- to vigorous- and vigorous-intensity physical activity at public open spaces.
Results: Three out of four participants had visited a public open space (for recreational purposes) and participants 
were most often accompanied by friends/classmates. Mainly public transportation stops/stations were used, and sub-
sequently the most reported reason for public open space use was “to wait for something or someone”. Furthermore, 
boys, younger adolescents, non-western-European adolescents and lower educated adolescents were more likely to 
use public open spaces. Additionally, boys and younger adolescents were more likely to accumulate physical activity 
at public open spaces. The only social environmental variable associated with time spent at public open spaces was 
accompaniment by siblings: adolescents spent more time at public open spaces when accompanied by their siblings.
Conclusions: Public open spaces may be effective areas to promote physical activity among groups at risk for physi-
cal inactivity (i.e. low educated and non-western-European adolescents). Additionally, girls and older adolescents 
were less likely to visit and be physically active at public open spaces. Therefore, urban planners should consider 
adding attractive features, in order to encourage physical activity among girls and older adolescents at public open 
spaces. Furthermore, creating public open spaces that are attractive for youth of all ages could contribute to adoles-
cents visiting public open spaces accompanied by siblings.
Keywords: Global positioning device, Physical activity, Sedentary time, Youth, Leisure time, Public spaces
© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Background
The World Health Organisation (WHO) recom-
mends adolescents to engage in 60 min of moderate- to 
vigorous-intensity physical activity (MVPA) daily [1] 
in order to obtain health benefits such as lower risk for 
overweight and obesity, diabetes type 2, high blood pres-
sure and depressive symptoms [2–5]. In addition, adoles-
cents engaging in extended periods of sedentary time (i.e. 
time spent sitting or lying down at low energy expendi-
ture [6]) are at higher risk for higher Body Mass Index 
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(BMI), decreased fitness and lower psychosocial health 
[7, 8]. However, during the transition from childhood to 
adolescence a steep decline in physical activity (physical 
activity) levels [9–11] and an increase in sedentary time 
occurs [10, 11]. Subsequently, more than half of the ado-
lescent population worldwide does not meet the physical 
activity recommendations [12–14] whilst European ado-
lescents’ sedentary time rises to 4–8 h per day on average 
[15]. Furthermore, healthy behaviours concerning physi-
cal activity and sedentary time developed in adolescence 
are known to track into adulthood, so being sufficiently 
active and having low levels of sedentary time during 
adolescence are of high importance [16–18].
Consequently, there is a need for population wide 
interventions to increase adolescent physical activity 
levels and decrease sedentary time. In the past, mostly 
individually-oriented models were used for interven-
tion development [19]. During the last decade however, 
a shift has been made to socio-ecological models, which 
emphasize the interactions between individuals and their 
physical and socio-cultural environment [19, 20]. The dif-
ferent layers of the socio-ecological model are build up 
around four active living domains where adolescents can 
be active: at home, at school, during active transporta-
tion, and during leisure time [20]. Leisure time, physical 
activity can occur in an organized setting such as sport 
clubs or in non-organized settings such as at home, in 
streets, parks and playgrounds. Little is known about the 
locations where adolescents’ non-organized leisure time 
physical activity (away from home) takes place and the 
need for more information on location-specific physical 
activity levels has been emphasized previously [21].
Studies in the US have shown that public open spaces 
(POS) are used for physical activity and recreational 
activities among children, adolescents and adults [22–
24]. They are suitable for non-organized physical activ-
ity as they are public spaces that are freely accessible 
to all people, without entrance fee and present in most 
communities [24–26]. POS can have different appear-
ances such as parks, playgrounds and squares, but also 
streets, vacant lots and parking lots. POS may be espe-
cially important for adolescents under the age of sixteen 
because they do not have the possibility to drive a car or 
moped and are, therefore, still limited in their ability to 
visit places located at greater distance from their resi-
dence and have to rely more on public transportation. 
Moreover, qualitative research has indicated that adoles-
cents attach great importance to POS as a place where 
they can spend time without parental supervision or to 
be away from the bustle at home or school [27, 28].
On the one hand, a POS can be a suitable location for 
physical activity (and thereby directly increase overall 
physical activity levels), but on the other hand, a POS 
can also be a destination that adolescents can visit using 
active transportation (and thereby increase overall physi-
cal activity levels through active transportation) [7, 8]. 
This implicates that when only physical activity in POS 
would be considered in research (and thus not includ-
ing physical activity during trips to and from POS), an 
underestimation of the physical activity related to POS 
visitation would be made. Therefore, physical activity 
accumulated during trips to and from POS should be 
included in research concerning POS use among ado-
lescents, as these can contribute to overall activity levels 
even if adolescents do not accumulate physical activity in 
POS.
Research on POS use among adolescents is limited, 
but some studies have emerged recently. An Australian 
survey study reported almost 40% of 13-year old ado-
lescents to have used a park at least once a week during 
the past 3  months. Additionally, only 12% of the ado-
lescents reported not to have visited a park in the past 
3  months [29]. Furthermore, a US study among 11- to 
14-year-old adolescents using accelerometers and global 
positioning system (GPS) devices reported that an aver-
age of 45 min was spent daily on streets and sidewalks, 
25 min at playgrounds and 17 min in parks [30]. A Dan-
ish study among 11–16-year olds with similar methodol-
ogy reported lower levels of POS use, with a median of 
only 11.7 min/day spent at school grounds (during leisure 
time), 5.2 min/day in urban green space, 0.0 min/day at 
playgrounds and 0.0 min/day at sport facilities [31]. How-
ever, the differences in POS use between the two studies 
can be attributed to the fact that active transport to POS 
and in POS was included to calculate time spent in POS 
in the US study, while this was not the case in the Danish 
study.
However, research on the prevalence and frequency of 
POS visitation, the activity levels in POS, types of POS 
used and reasons for POS visitation among adolescents 
remains scarce, especially in Europe. Therefore, addi-
tional research is needed to gain insight into the preva-
lence and frequency of POS visitation and the activity 
levels in POS. Furthermore, the types of POS that are 
used and reasons for POS visitation should be explored 
in order to better understand the different aspects of 
(active) POS use.
As mentioned above, socio-ecological models empha-
size the importance of individual-, physical- and social 
environmental factors to explain physical activity behav-
iours and sedentary time. Currently, information is lack-
ing about factors associated with time and physical 
activity in POS whilst (to our knowledge) no studies have 
investigated the factors associated with sedentary time in 
POS. Because sedentary time is independently related to 
health problems [12, 13], identifying factors associated 
106 
Page 3 of 16Van Hecke et al. Int J Health Geogr  (2018) 17:3 
with sedentary time in POS is especially important. Iden-
tifying the physical and social environmental factors that 
could induce sedentary behaviour in POS enables to 
define the necessary strategies to reduce sedentary time at 
public open spaces. Additionally, this allows to target spe-
cific population groups at risk for sedentary time in POS.
Two Danish studies using GPS and accelerometers 
showed that older adolescents (mean age 14.2) spent less 
time [31] and less MVPA [32] at school grounds during 
leisure-time and more time and MVPA at sport facili-
ties and shopping centres compared to younger adoles-
cents (mean age 12.4) [31]. Furthermore, boys aged 11- to 
16-year-old spent more time at sport facilities, accumu-
lated more MVPA at school grounds during leisure time 
[31, 32] and less MVPA at playgrounds and urban green 
space compared to girls [32]. Furthermore, a Cana-
dian study using GPS and accelerometers indicated that 
adolescents living in suburban areas performed more 
MVPA in POS locations such as green spaces or shop-
ping malls compared to adolescents living in urban and 
rural areas, whilst no differences were found in MVPA at 
different POS locations according to adolescents’ Socio-
Economic Status (SES) [33]. These studies indicate that 
individual factors such as gender and age could possi-
bly be associated with time spent and physical activity 
in POS whereas, no previous research has looked into 
the individual factors associated with sedentary time in 
POS. Furthermore, it is possible that the social environ-
ment (e.g., accompaniment in POS) is associated with 
adolescents’ time, sedentary time and physical activity 
in POS, however, no studies have investigated this mat-
ter. Additionally, some physical environmental factors 
associated with physical activity in POS, have been iden-
tified, whereas no research has studied the associations 
for environmental factors with sedentary time in POS. 
Recent observational research has indicated that different 
park areas such as playgrounds, open fields or sport fields 
were associated with different activity levels across all 
age groups [34–37]. This evidence suggests associations 
of individual, social- and physical environmental factors 
with time and physical activity in POS among adoles-
cents. However, European research is limited and addi-
tional insight is needed into the factors associated with 
sedentary time in POS among adolescents.
Many of the studies investigating the association 
between POS availability, POS use and physical activity 
levels have used questionnaires, geographical informa-
tion systems (GIS) or audits of POS in the participants’ 
neighbourhood [23, 38–41], assuming that these are the 
locations that are most frequently used. However, adoles-
cents may use other POS than those closest to home and, 
therefore, it is important to use methods such as diaries 
or GPS-measures that allow to investigate the locations 
that are actually used by the adolescents. GPS devices 
have been identified as more accurate compared to activ-
ity diaries [42–44]. Furthermore, when GPS devices are 
combined with accelerometers, it is possible to objec-
tively measure location-specific physical activity [45].
Summarized, evidence on adolescents’ POS use and its 
associated individual, physical and social environmen-
tal factors is limited, with most studies originating from 
North-America and Australia. Only two studies origi-
nate from Europe. Most of the existing studies included 
measures of POS use, some included measures of physical 
activity in POS, whilst none included measures of seden-
tary time in POS. Furthermore, many studies have used 
methods that cannot capture the specific POS that is used. 
POS can be suitable locations for physical activity among 
adolescents. However, in order to develop interventions 
to promote physical activity and reduce sedentary time in 
POS, insight is needed into the use of POS, physical activ-
ity and sedentary time in POS and into the factors associ-
ated with POS use, physical activity and sedentary time in 
POS. Therefore, this study used GPS devices and acceler-
ometers in order to (1) describe the prevalence, frequency 
and context (i.e. company, locations and reason) of POS 
visitation and (2) gain insight into the individual, social 
and physical environmental factors associated with time, 
sedentary time and physical activity in POS among 12- to 
16-year-old Flemish (Belgian) adolescents.
Methods
Study area
The study took place in Ghent, the capital city of the 
province of East Flanders (Belgium). Belgium is ranked 
22th in the Human Development index developed by 
the United Nations, with a value of 0.90 (maximum 
score = 1) [46]. Ghent comprises an area of 156.18 km2 
and has 253,266 inhabitants (population density: 1622 
inh/km2) [47, 48]. Ghent is a modern city that was 
founded in the eighth century at the confluence of two 
rivers and has a densely built historical inner city sur-
rounded with nineteenth and twentieth century workers 
districts. The north of the city comprises an international 
harbour, whilst the south is characterised by the new 
train station [49].
In Ghent, the unemployment rate is 12.5, 2.0% of the 
population is entitled to a living wage and 18.8% is part 
of an ethnic-cultural minority whilst the remaining 81.2% 
is predominantly white [50–52]. In total, 37.0% of the 
inhabitants of Ghent have access to public green space 
(< 1 ha) within 150 m of their home and 41.9% has access 
to public green space (>  1  ha) within 400  m from their 
home [50]. Additionally, 1.8 km2 of the city is designated 
to playgrounds, woods or parks where people are allowed 
to play [50].
107 
Page 4 of 16Van Hecke et al. Int J Health Geogr  (2018) 17:3 
Four of the participating schools were located in the 
city centre whilst two were located in the outskirts of the 
city (Fig. 1).
Participant and school recruitment
Participants (12- to 16-year-old) were recruited through 
schools. Before recruitment, the study design and pur-
pose were presented in a meeting with all principals of 
the governmental schools located in Ghent (Flanders, 
Belgium). Six out of twelve schools were willing to par-
ticipate. In each school at least two classes in the first to 
fourth grade (12- to 16-year-old) were selected by the 
principal or a staff member and all students from these 
classes were invited to participate (total of 18 classes: 
Additional file 1: Table S1). Participation in the study was 
voluntary and participants received a movie ticket as an 
incentive after measurements were finished.
Study protocol
Data were collected from September to December 2015 
(mean daily rainfall  =  0.4  mm/day, mean daily hours 
of sunshine: 4.1  h/day, mean maximum temperature: 
15.1  °C/day). Participating schools were visited three 
times by the research team. Before school visits took 
place, all schools were asked to distribute a parental 
information and consent form to all parents of students 
in participating classes. Parents who did not give per-
mission for their children to participate, had to sign the 
parental consent form and their children could hand in 
these parental consent forms to the researchers at the 
first school visit. During the first school visit, participants 
were asked to read and sign a participant consent form. 
This approach was used because adolescents had to fill 
in a questionnaire on a non-sensitive topic [53, 54]. This 
consent procedure and the research protocol for minors 
were approved by the medical ethics committee of the 
University Hospital of Ghent University (2015/0317) 
referring to the privacy act of December 8th, 2012 on 
the protection of privacy in relation to the processing 
of personal data [55]. Participants received a personal 
ID number they could use to anonymously complete a 
questionnaire concerning demographics. Every partici-
pant received an accelerometer, GPS device and charger 
for the GPS device. The participants were given verbal 
Fig. 1 City of Ghent with location of the schools and home addresses of the participants
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and written instructions on how and when to wear the 
devices and how to charge the GPS overnight. All par-
ticipants were asked for their phone number and those 
willing to give their number (n =  140; 49.5%), received 
two text messages daily: every morning to remind them 
to wear the devices and every evening to remind them to 
charge the GPS device.
After 4–5  days the devices were collected during the 
second school visit and the GPS and accelerometer data 
were downloaded from the devices. A web application 
was created to visualize the data from each participant on 
a map for each day the devices were worn.
The third school visit comprised a one-on-one inter-
view of 10–20 min during which the personal maps were 
used. During this interview, participants were asked 
about the reasons, activities and company in POS loca-
tions that were used. An overview of the data collection 
process is presented in Fig. 2.
Measurements
Questionnaire
All participants were asked to complete a questionnaire 
that included the following questions on demographics: 
date of birth, place of birth, sex, address (address was 
used to define area of residence: rural  <  300 inh/km2, 
suburban: 300–600 inh/km2, urban > 600 inh/km2 [56]), 
education (general, technical, vocational or arts), school 
grade (first to fourth year), nationality of parents, high-
est education of the parents (primary education, second-
ary education, higher education-non university, higher 
education-university, I don’t know [57]) and sport club 
membership (yes/no). Based on parental educational 
level, low SES was defined as: none of the parents pos-
sessed a higher education diploma whereas high SES was 
defined as: at least one parent possessed a higher educa-
tion diploma. Based on the place of birth of the partici-
pant and the parents, a non-western-European ethnicity 
was defined as having at least one parent born outside of 
the EU15 as defined by the Flemish government [58].
Physical activity measurement
Physical activity was measured with ActiGraph GTX-3 
devices which were worn during waking hours for 4–5 
consecutive days on a belt on the right hip. The Actigraph 
GTX-3 is a reliable and valid instrument to measure 
physical activity in youth and adults [59–61]. The Acti-
graph accelerometer uses a piezoelectric acceleration 
sensor, that, when it undergoes an acceleration, produces 
a voltage signal that is expressed as ‘counts’ [62]. These 
counts were averaged in periods (called epochs) of 15 s, 
as recommended [63]. The counts were stored onto the 
accelerometer device and later on downloaded using 
Actilife software version 6. For each 15 s epoch, the activ-
ity level [sedentary time (e.g., watching TV while sitting 
down), light-intensity physical activity (LPA) (e.g., walk-
ing slowly), moderate-intensity physical activity (MPA) 
(e.g., walking at 7.2 km/h) and vigorous-intensity physi-
cal activity (VPA) (e.g., running) [64–66]) was deter-
mined using Evenson cutpoints (sedentary time ≤  100; 
LPA  >  100,  <  2296; 2296 ≥  MPA  <  4012, VPA ≥  4012) 
[67]. Continuous periods of 60  min of zero values were 
classified as non-wear time and removed from the 
data. Only participants with at least 1  day with at least 
9  h of valid data were included in the analysis [32, 68]. 
Thus, when GPS devices were turned off for a substan-
tial amount of time, this could have led to that day being 
excluded from analysis.
Spatial measurements: locations
A GPS device (Qstarz BT-Q1000XT) was worn on a 
belt on the left hip to track the locations of the partici-
pants. The devices were configured and data downloaded 
using the program Q-travel. Data were logged every 30 s. 
Epochs of 30 s have been used successfully for GPS data 
processing in previous studies with adolescents [69, 70]. 
Additionally, Schipperijn et  al. [71] showed that limited 
differences exist between GPS data stored at epochs of 5, 
15 and 30 s and that the three data collection epochs had 
the same median error.
Fig. 2 Data collection process
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One‑on‑one interview with personal maps
The data from the GPS devices were stored in a Post-
greSQL database with PostGIS in order to visualize the 
visited locations of each participant in the self-made web 
application. The personal ID was used to log each partici-
pant in a self-made web application, where an individual 
map was available for each day the participant wore the 
devices (Fig.  3). On this individual web based map, the 
trip of the participant was visualized by placing a dot on 
the map every 30  s. Additionally, a light to dark colour 
scheme was used, to give an indication of the time during 
the day. The exact time of a point could be seen by click-
ing on a point. It was possible to zoom in on the map, 
which gave a clear overview of the locations that were 
visited. By using OpenStreetMap as a background layer, 
contextual information on the visited places of the partic-
ipant could be gathered. The first week- and weekend day 
with complete data were selected (excluding the day the 
devices were handed out) and discussed with the partici-
pants. When no weekdays with complete data were avail-
able, two weekend days were selected and vice versa. For 
participants with only 1 day with complete data, this day 
was selected. For these selected days, the participants had 
to indicate the type of each location (e.g., school, home, 
a park, train station) they visited. For the locations that 
were classified as outdoor POS (street, shopping street/
mall, square, park, outdoor sports ground/playground, 
parking lot, vacant lot and public transportation stop/sta-
tion) three additional questions were asked: “who accom-
panied you here?”; “which activities did you engage in?”; 
“why did you choose this place?”.
The colours of the dots represent the time course of 
the day: every 30  s a dot was placed on the map (Tem-
poral resolution: 30 s). Lighter colours represent the start 
of the day, darker colours represent the end of the day. 
The green arrow represents the first data point registered 
by the GPS and the “finish flag” represents the last regis-
tered data point by the GPS.
Data processing
An overview of the data processing can be found in 
Fig. 4. First, all GPS and accelerometer data were created 
as CSV (comma separated value) files and imported into 
the Personal Activity and Location Measurement System 
(PALMS©) which was developed by the Centre for Wire-
less and Population Health Systems, University of Cali-
fornia, San Diego.
Secondly, PALMS was used to merge all correspond-
ing GPS and accelerometer data points (i.e. all data 
points-in epochs of 30 s-were matched according to the 
timestamp). PALMS identified speeds above 130  km/h, 
changes in distance higher than 1  km and elevations 
higher than 100 m between two data points (that are 30 s 
apart) as invalid data. In PALMS every data point (i.e. cor-
responding with an epoch of 30  s) was categorized into 
either an event or a transport related data point accord-
ing to the acceleration measured. The transport related 
data points were further categorized into pedestrian 
(≥ 1 km/h < 10 km/h), bicycle (≥ 10 km/h, < 25 km/h) 
or motorized transport (≥  25  km/h) [72] (data not 
reported). All data points that were not identified as 
transport, were categorized as an event. Additionally, all 
Fig. 3 Example of a personal map
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epochs were classified according to the physical activity 
intensity using Evenson cutpoints [67].
Thirdly, the PALMS dataset was combined with infor-
mation on the home and school addresses and school 
time tables in Python. All data points that were identified 
as an event (i.e. not a trip) were categorized into three 
domains: school, home or leisure. The data were catego-
rized in the domain school during school hours, when the 
participant was located at school (100 m buffer). Within 
the domain school, a distinction was made between 
physical education classes, other classes and recess based 
on the time tables of the participating classes. The home 
domain was defined as being at the home address with a 
100 m buffer around the home. All other data were cat-
egorized in the leisure domain. A similar approach was 
used in previous Danish research [68].
Fourth, all consecutive data points allocated to the 
same domain were combined, resulting in a database 
with data per trip and event.
In the fifth step, all data from the individual interviews 
(i.e. for each POS location, the accompaniment, reason 
why they chose that POS and activities performed) and 
weather data (mean min sun/day, mean mm rain/day and 
average temperature/day) were added to the database. All 
trips or locations misclassified by PALMS were corrected 
using the interview data (e.g., when a participant indi-
cated that a certain trip was done by bus, however, due to 
traffic congestion the speed was rather low (< 25 km/h) 
and this trip was falsely allocated to the bicycle category 
by PALMS, this was picked up during the interviews and 
corrected).
In order to perform the analyses, the data had to 
be presented per participant (instead of per event, as 
was the case after step five). Therefore, in the final data 
processing step, data were extracted from the data file 
created in step five, in order to create a new data file with 
data per participant. New variables were created with fol-
lowing information: mean wear time; mean number of 
POS visits accompanied by friends/classmates, siblings/
cousins, parents/grandparents, organisation or alone; 
average sedentary time/day, in LPA/day, MVPA/day and 
VPA/day in total, located in POS (inclusive LPA, MVPA 
and VPA accumulated during trips to and from POS).
In this study, only time spent in the “leisure” category in 
POS and transportation to and from a POS was included. 
In other words, when a participant went to a park by 
bike, the time on the bike and the time spent in the park 
was included in the analyses. However, when a partici-
pant went to school by bike and cycled through a park, 
this trip was not included as this was categorized as a trip 
to school (and not POS) using active transportation.
Data analysis
Descriptive statistics were calculated using IBM SPSS 
statistics 22 software.  Chi2 tests and independent sample 
t tests were performed in SPSS to calculate differences 
between included and excluded participants (based on 
valid data).
Associations of individual factors (i.e. age, gender, eth-
nicity, education and sport club membership) and social 
environmental factors (accompaniment in POS with 
friends/classmates, siblings/cousins, parents/grandpar-
ents, organisation or alone) with the outcome measures 
(time, sedentary time, LPA, MVPA and VPA in POS, 
inclusive trips to and from POS) were examined using 
Multilevel Hurdle models and Gamma models (level 
1 = subject, level 2 = school) using the package lme4 [73] 
in R version 3.4.1.
Fig. 4 Data processing. GPS global positioning system, physical activity = physical activity, sedentary time = sedentary time, LPA light-intensity 
physical activity, MPA moderate-intensity physical activity, VPA vigorous-intensity physical activity, POS public open space
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Different statistical models were used for the differ-
ent outcomes as data were distributed differently. The 
outcome ‘time spent in POS’, was positively skewed and 
contained a high number of zeros (i.e. when a partici-
pant did not use a POS) demanding a multilevel hurdle 
model. A hurdle model includes two parts, first associa-
tions between the independent variables and the odds of 
having visited a POS were estimated by means of logis-
tic regression analysis (binomial variance and logit link 
function) among all participants (n  =  173). Second, a 
multilevel regression model with gamma variance and 
log link function was used to estimate the associations 
between the independent variables and the amount of 
time that was spent in POS among the participants who 
had used a POS (n = 130). The exponentiated regression 
coefficients represent the proportional difference in min 
spent in POS with a one-unit difference in the independ-
ent variables.
For the outcomes sedentary time, LPA, MVPA and VPA 
in POS, only the participants who had used a POS during 
data collection (n =  130) were included. This was done 
because participants who did not use a POS, logically 
also did not engage in any sedentary time, LPA, MVPA 
or VPA in POS. The outcomes ‘sedentary time in POS’, 
‘LPA in POS’ and ‘MVPA in POS’, were skewed but did 
not contain many zeros and, therefore, multilevel regres-
sion models with gamma variance and log link function 
(selected based on Akaike’s Information Criterion) were 
fitted. These models estimate the association between the 
independent variables and the amount of time spent in 
sedentary time, LPA and MVPA in POS among the par-
ticipants who had used a POS for sedentary time, LPA 
and MVPA. For the outcome VPA, a multilevel hurdle 
model was selected as data were skewed and contained a 
high number of zeros.
A stepwise procedure was used to build the models. 
First, all potential covariates (residence-urban, suburban 
or rural-, mean wear time, mean POS visits/day, num-
ber of days with valid data, rain, sun, temperature, total 
time in POS, mean min sedentary time/day for outcome 
sedentary time in POS, mean min LPA/day for outcome 
LPA in POS, mean min MVPA/day for outcome MVPA 
in POS and mean min VPA/day for outcome VPA in 
POS) were entered simultaneously into a model to iden-
tify those that were significantly related to the outcomes. 
Based on this, residence, temperature, mean wear time, 
mean POS visits/day, and number of days with data were 
included as covariates in all subsequent analyses. Mean 
min LPA/day, MVPA/day and VPA/day were included 
as covariates in the analyses with the outcome variables 
LPA, MVPA and VPA in POS, respectively, and total 
time in POS was included as a covariate in the analyses 
with the outcome variables sedentary time, LPA, MVPA 
and VPA in POS. Second, all individual factors (i.e. age, 
gender, ethnicity, education and sport club membership) 
were entered separately into a model adjusted for the 
appropriate covariates (see above).
Third, all individual factors that were significantly 
related to the outcome in the previous step were entered 
together into one model, again adjusting for the relevant 
covariates.
In a fourth step, each social environmental variable 
was entered separately into a model adjusting for the 
significant individual factors identified in step 2 and the 
relevant covariates. These four steps were performed sep-
arately for each outcome variable.
POS visitation in the company of an organisation was 
not included in the analyses, as only 2.5% of all POS vis-
its were done in the company of an organisation. It was 
not possible to analyse associations between the environ-
mental factors (i.e. location: street, shopping street/mall, 
square, park, outdoor sports ground/playground, parking 
lot, vacant lot and public transportation station/stop) and 
the outcome variables (SB, LPA, MVPA, VPA), because 
more than 70% of all POS visits were located at a public 




In total, 283 adolescents were invited to participate in 
the study of which ten had no consent from their par-
ents or were not willing to participate themselves. Of 
the remaining 273 participants, 100 were excluded from 
the analyses. Reasons for exclusion were: absence when 
handing out material or during interview (n =  49), no 
days with valid data for at least 9 h (n = 22), being older 
than 16 years (n = 12), forgot to wear material (n = 7), no 
longer enrolled at this school/class (n = 4), material for-
gotten at home (n = 3) or the GPS did not work properly 
(n  =  3). Eventually, 173 participants aged 12–16  years 
were willing to participate, had parental consent and 
valid data for at least 1 day (Fig. 5).
No differences were found for gender, SES and ethnic-
ity between the participants who were included for anal-
ysis (n =  173) and those who were excluded (n =  100) 
(p  >  0.05). The excluded participants were significantly 
older than the included participants (15.6 vs. 14.2; 
p  <  0.05) because participants older than 16  years were 
excluded from analyses.
The sample had a mean age of 14.2 ± 1.1 years, con-
sisted of 54.4% girls and 93.1% was living in an urban 
or suburban environment. Most participants were 
enrolled in general education (68.8%), 28.3% had a non-
western-European ethnicity and 22.5% had a lower SES 
based on parental educational level. Almost 60% of 
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the participants were member of a sport club and the 
median min of MVPA/day was 36.5. Among the par-
ticipants who used a POS (75.1% of the participants), 
the mean number of POS visits per day was 1.8 ±  1.2 
(Table 1).
All participants with one (n = 63) or 2 days (n = 110) 
of complete GPS and accelerometer data for 9  h mini-
mum/day were included in the study. During the 283 
included days 373 events took place at an outdoor POS. 
Participants reported that more than half of the POS 
visits were done in the company of a friend/classmate 
(59.8%) and most POS visits were located at a pub-
lic transportation stop/station (71.0%). The most fre-
quently mentioned reasons to visit a specific POS were: 
to wait for something/someone here (e.g., train) (30.3%), 
because friends/classmates/siblings/cousins wanted to 
go to that POS (17.4%), for ‘other reasons’ (e.g., for shop-
ping purposes, easy to meet up) (17.4%) or because the 
POS was close to school or their home (13.8%). Stand-
ing was most frequently reported by the participants 
as the main activity in POS during a POS visit (43.1%), 
followed by walking (38.5%) and sitting or lying down 
(13.8%). The one-on-one interviews revealed that partic-
ipants often indicated to ‘just hang around’ in POS while 
talking to friends (Table 2).
Associations of individual factors and company with time 
spent in pos
The logistic regression model shows that the odds for 
having used a POS were 2.20 times higher for partici-
pants with a non-western-European ethnicity compared 
to participants with a western-European ethnicity and 
8.09 times higher for participants enrolled in technical 
education compared to participants enrolled in general 
education (both trends towards significance, see Table 3). 
In the multivariate model (data not shown in table), edu-
cation became significant (OR: 8.68; 95% CI 1.03–72.75) 
while ethnicity remained borderline significant (OR: 2.33; 
95% CI 0.93–5.86). For the participants who had visited 
a POS at least once during the days that were measured, 
results showed that with each additional visit accompa-
nied by siblings, on average 60% more time was spent in 
POS per day (Exp. B: 1.60; 95% CI 1.26–2.04; data not 
shown in table). In other words, the higher the number 
of POS visits with siblings, the higher the total time spent 
in POS daily.
Associations of individual factors and company 
with sedentary time and physical activity in pos
None of the individual and social environmental fac-
tors was significantly associated with sedentary time and 
LPA in POS (see Table 4). The analyses for the outcome 
Fig. 5 Sampling of the participants
Table 1 Descriptive characteristics of the sample (n = 173)
Skewed data were reported as median and interquartile range
SD standard deviation, SES socio-economic status, MVPA moderate- to vigorous-
intensity physical activity, Q1 25th percentile, Q3 75th percentile, min minutes, 
POS public open space
Age (mean ± SD) 14.2 ± 1.1









Other ethnicity (%) 28.3
Lower SES (%) 22.5
Sport club membership (%) 58.0
Sedentary time (mean h/day ± SD) 8.8 ± 1.6
LPA (mean h/day ± SD 3.3 ± 1.0
MVPA (median min/day; Q1, Q3) 36.5; 22.9, 
51.4
% of participants who used a POS 75.1
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MVPA in POS revealed that among the participants who 
had used a POS, girls engaged on average in 43% less min 
of MVPA/day in POS compared to boys. None of the 
other individual or social environmental factors were sig-
nificantly associated with MVPA in POS.
The logistic regression model for the outcome VPA 
in POS shows that girls had a 79% lower odds of having 
used a POS for VPA compared to boys and an increase 
in age with 1 year was associated with a 40% lower odds 
of having engaged in VPA in POS (trend towards sig-
nificance for age, see Table  5). When gender (OR: 0.16; 
95% CI 0.05–0.52) and age (OR: 0.52; 95% CI 0.30–0.93) 
were entered simultaneously into a model, both were sig-
nificant (data not shown in table). Among those who had 
used a POS for VPA, girls engaged on average in 40% less 
min of VPA in POS/day compared to boys and partici-
pants enrolled in vocational education spent on average 
41% less min in VPA in POS/day compared to partici-
pants enrolled in general education (trend towards signif-
icance for education). When gender and education were 
entered in the multivariable gamma model, only gender 
remained significant (Exp B: 0.63; 95% CI 0.41–0.98).
Discussion
In this study, a socio-ecological approach was used to 
gain insight into the prevalence, frequency and context 
(i.e. company, locations and reason) of POS visitation 
and the factors associated with time, sedentary time and 
physical activity in POS among adolescents. Our study 
revealed that 75% of the participants used a POS and dur-
ing most POS visits, participants were accompanied by 
friends/classmates. Mainly public transportation stops/
stations were used, and subsequently the most reported 
reason for POS visitation was “to wait for something/
someone (e.g., bus)”. Furthermore, ethnicity, education, 
gender and age were the individual factors associated 
with at least one outcome. The only social environmental 
Table 2 Descriptive characteristics of POS visits (n = 373)
POS public open space






Location (% of POS visits)
 Public transportation stop/station 71.0
 Street 9.4
 Parking lot 5.4
 Square 3.5
 Shopping street 3.2
 Sport field/playground 2.9
 Park 2.9
 Shopping mall 1.3
 Vacant lot 0.3
Reasons for POS visit (% of POS visits; multiple answers possible)
 I had to wait for something/someone here (e.g., train) 30.3
 My friends/classmates/siblings/cousins wanted go there 17.4
 Other (e.g., for shopping purposes, easy to meet up) 17.4
 This POS is close to my home/school 13.8
 I was going somewhere else and decided to stay there 10.1
 It is a habit to go there 8.3
 There is a nice atmosphere 4.6
 My parent want me to go there/I am not allowed to go 
anywhere else
4.6
 There is sport infrastructure available 4.6
 This POS is easy accessible 3.7
 I know this place for a long time and I am familiar with 
this POS
1.8
Activity in POS (self-reported; multiple answers possible)
 Standing 43.1
 Walking 38.5
 Sitting/lying down 13.8




 Active games 0.9
 Jogging 0.9
Table 3 Associations between individual factors and time 
spent in POS
OR odds ratio, CI confidence interval, Exp. B exponent of B, POS public open 
space, ref reference category, min minutes, ° α < 0.1 = trend towards significance
a The logistic regression model estimated the association of the independent 
factors with the odds of having visited a POS
b The Gamma models (Exp. B) estimated the proportional difference in min 
spent in POS associated with a one-unit difference in the independent variables 
for adolescents that had visited a POS. Analyses were controlled for mean 
temperature, residence, POS visits/day, total wear time (mean min/day), and 
amount of days. All Gamma models were fitted using the log link function
Individual factors Logistic 
 regressiona
Gamma  modelb
OR 95% CI Exp. B 95% CI
Gender (ref = male) 1.82 0.88–3.79 0.98 0.69–1.38
Education (ref = general)
 Vocational 1.09 0.41–2.88 1.42 0.65–3.11
 Technical 8.09° 0.97–67.62 1.15 0.61–2.15
Age 1.00 0.70–1.43 1.05 0.88–1.26
Ethnicity (ref = Belgium) 2.20° 1.88–5.49 1.25 0.84–1.86
Sport club membership 
(ref = yes)
1.80 0.85–3.85 1.21 0.87–1.68
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variable associated with time spent in POS was accompa-
niment by siblings.
Surprisingly, there was limited variability in the POS 
locations used by the participants in this study as 70% 
of all POS visits were located at a public transportation 
stop/station. This suggests that public transportation 
stops/stations are frequently visited by adolescents in 
Flanders (Belgium), but these locations are not very suita-
ble for physical activity. POS such as parks, a playground/
sport field and squares are very suitable for physical activ-
ity, but were not often used by adolescents. Only 3.5% of 
the POS events was located at a square, 2.9% at a sport 
field/playground and 2.9% in a park. However, when 
the POS visits that took place at a public transportation 
stop/station are not taken into account, 12.0% of POS 
visits were located at squares; 10.3% at sport fields/play-
grounds and 10.2% at parks. These findings are of impor-
tance for interventions aiming at the promotion of POS 
use among adolescents in Flanders, as we now know that 
POS such as parks, sport fields/playgrounds and squares 
are not often used and extra initiatives are warranted to 
encourage their use. Additionally, when public trans-
portation routes are (re)designed, it is recommended to 
place public transportations stops close to locations suit-
able for physical activity (such as a park of square). Our 
results differ from previous Danish research where GPS 
measures revealed that 40% of the adolescents had used 
a playground, 97% had used urban green space and 32% 
had visited a shopping centre at 1 day during the data col-
lection period [68]. It is difficult to compare the results 
of our study with these of this Danish study as the results 
are presented differently (i.e. % of events located at spe-
cific location, compared to  % of participants that used 
a location), however, clearly some differences exist. On 
the one hand, some methodological differences between 
the studies could have caused these differences. In the 
Danish study, GIS was used to categorize the events 
into subdomains (i.e. locations such as playgrounds or 
urban green space) used during leisure time. It has been 
acknowledged that sometimes GIS layers lack details 
[45] which could have led to misclassification of events. 
For example, when a participant was waiting at the bus 
stop near a park, this could have been misclassified as an 
Table 4 Associations between individual and social environmental factors with sedentary time, LPA and MVPA spent 
in POS
The Gamma models (Exp. B) estimated the proportional difference in sedentary time, LPA and MVPA in POS associated with a one-unit difference in the independent 
variables for adolescents that had used a POS. Analyses were controlled for mean temperature, residence, POS visits/day, total wear time (mean min/day), total time in 
POS and amount of days. All Gamma models were fitted using the log link function
LPA light-intensity physical activity, MVPA moderate- to vigorous-intensity physical activity, OR odds ratio, CI confidence interval, Exp. B exponent of B, POS public open 
space, ref reference category, min minutes, ° = α < 0.1 = trend towards significance
 **α < 0.01
Individual factors Gamma model sedentary time Gamma model LPA Gamma model MVPA
Exp. B 95% CI Exp. B 95% CI Exp. B 95% CI
Gender (ref = male) 0.89 0.63–1.27 0.73 0.53–1.00 0.57** 0.41–0.80
Education (ref = general)
 Vocational 1.43 0.85–2.40 0.71 0.42–1.19 0.74 0.44–1.24
 Technical 1.11 0.62–2.00 0.93 0.51–1.67 0.72 0.40–1.29
Age 1.08 0.91–1.29 0.98 0.82–1.16 0.96 0.80–1.15
Ethnicity (ref = Belgium) 1.12 0.78–1.61 1.09 0.74–1.60 0.96 0.64–1.42
Sport club membership (ref = yes) 0.94 0.66–1.36 0.75 0.52–1.09 0.83 0.57–1.19
Table 5 Associations between individual and social envi-
ronmental factors with VPA in POS
VPA vigorous-intensity physical activity, OR odds ratio, CI confidence interval, 
Exp. B exponent of B, POS public open space, ref reference category, min 
minutes, ° = α < 0.1 = trend towards significance
*α < 0.05; **α < 0.01
a The logistic regression model estimated the association of the independent 
factors with the odds of having used a POS for VPA
b The Gamma models (Exp. B) estimated the proportional difference in min of 
VPA in POS associated with a one-unit difference in the independent variables 
for adolescents that had used a POS. Analyses were controlled for mean 
temperature, residence, POS visits/day, total wear time (mean min/day), total 
time in POS, total time in VPA/day and amount of days. All Gamma models were 
fitted using the log link function
Individual factors Logistic 
 regressiona
Gamma  modelb
OR 95% CI Exp. B 95% CI
Gender (ref = male) 0.21** 0.07–0.63 0.60* 0.39–0.92
Education (ref = general)
 Vocational 0.70 0.17–2.90 0.59° 0.34–1.04
 Technical 0.32 0.07–1.52 1.15 0.48–2.75
Age 0.60° 0.36–1.00 0.94 0.73–1.19
Ethnicity (ref = Belgium) 0.71 0.25–2.00 0.84 0.53–1.37
Sport club membership 
(ref = yes)
0.54 0.19–1.59 1.18 0.74–1.88
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event in the park. Additionally, in the Danish study, the 
subdomain “public transportation stop/station” was not 
included, and 1–4  days of data were included whereas 
in our study only 1–2 days. On the other hand, these dif-
ferences between studies could possibly be attributed to 
cultural differences between countries meaning that POS 
use is more integrated in Danish adolescents’ life [68].
This study provided new insight into the associa-
tions between the accompaniment and time, sedentary 
time and physical activity in POS. Results from the one-
on-one interviews revealed that adolescents used POS 
most often with friends/classmates, followed by siblings, 
parents and alone. Previous research using ecological 
momentary assessment indicated that most 14-year-old 
adolescents reported to be physically active in the com-
pany of friends, followed by classmates and family mem-
bers. Furthermore, the company with whom the greatest 
proportion of walking occurred was with friends or alone 
[74, 75]. In this study, only the accompaniment with sib-
lings was associated with more time in POS, whereas no 
associations were found between the accompaniment 
and physical activity in POS. These contradicting results 
indicate that additional research on this topic is needed 
and that interventions targeting all children within a fam-
ily could possibly be more effective. One explanation for 
this result could be that adolescents are allowed to stay 
longer outside when their parents know they are not 
alone, but in the company of a sibling.
It is known that total physical activity levels decline 
when adolescents grow older [76–78]. This study has 
added upon this knowledge by demonstrating that this 
age-dependent decrease also exist for POS physical activ-
ity. In this study, an increase in age with 1 year, was asso-
ciated with a 40% lower odds of having engaged in VPA 
in POS. From previous qualitative research it became 
apparent that the playgrounds and facilities present in 
POS are often designed for younger children causing a 
lack of age appropriate facilities for (older) adolescents 
[27]. Creating POS with attractive facilities for older 
adolescents (such as sport fields [27] and adventurous 
playgrounds with high swings and big slides [79]) could 
possibly counteract this age-dependent decline in physi-
cal activity levels.
Total physical activity levels among adolescent girls 
have been shown to be lower than adolescent boys’ physi-
cal activity levels [77, 78, 80]. Additionally, our results 
revealed that also in POS, girls accumulate less physical 
activity compared to boys. Analyses revealed that boys 
spent more time in MVPA and VPA in POS compared 
to girls. This is in line with previous research from the 
US using GPS and accelerometers in a sample of 11- to 
14-year-olds. It was reported that more physical activ-
ity was accumulated at playgrounds by boys compared 
to girls and boys had higher odds of spending time in 
MVPA at parks compared to girls [30]. Furthermore, pre-
vious observational research reported lower use of parks 
by girls (children and adolescents) and lower energy 
expenditure levels among girls compared to boys [26, 34, 
81, 82]. Additionally, previous studies have shown that 
safety related factors (such as the presence of sufficient 
lighting [83], traffic safety [84], number of violent crimes 
[85]) were related to physical activity in parks and in the 
neighbourhood among girls. It is thus possible that safety 
issues contribute to gender differences in POS use. How-
ever, safety related factors are very context-specific and 
can differ between countries. In Belgium, the overall vic-
timisation rate (= percentage of people victimised once 
or more) was significantly higher than the average of the 
18 EU countries in 2004 [86].
Additionally, these results suggest that urban planners 
should consider adding attractive characteristics and fea-
tures, in order to attract more girls to POS. It has been 
shown that adolescent girls prefer individual, non-com-
petitive activities such as dancing or running or group 
activities with the focus on fun, such as netball [87–89]. 
Including features suitable for such activities could be 
a useful strategy to attract more girls to POS. However, 
additional research is needed to define what POS charac-
teristics could specifically attract or repel girls for physi-
cal activity in POS.
Our study revealed ethnicity to be associated with time 
spent in POS among adolescents. The odds for having 
used a POS was higher among non-western-European 
adolescents compared to participants with a western-
European ethnicity. However, it could be possible that 
adolescents with non-western-European ethnicity used 
public transportation more often, which could have influ-
enced our results (because of the high number of POS 
visits that were located at public transportations stops/
stations). This is an important result, as adolescents 
with a non-western-European ethnicity are often hard to 
reach for interventions. However, our results were only 
borderline significant and research on this topic among 
adolescents is lacking and, therefore, these results should 
be interpreted with caution.
Furthermore, this study revealed that participants 
enrolled in technical education were more likely to spent 
time in POS and participants enrolled in vocational 
education spent less min in VPA in POS compared to 
participants enrolled in general education. In Flanders 
(Belgium) technical education is focussed on practice 
lessons and technical-theoretical courses, whereas voca-
tional education is focussed on learning a profession [90]. 
Not much is known about the association between edu-
cation and time in POS among adolescents, but our find-
ings are consistent with previous Australian research on 
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adults’ individual factors associated with park use. This 
Australian study revealed that park users had less edu-
cational qualifications compared to non-park users [91]. 
However, adolescents enrolled in vocational education 
accumulated less min of VPA in POS compared to partic-
ipants enrolled in general education. Currently, it is not 
known which POS characteristics invite adolescents to 
engage in VPA in POS and it is possible that differences 
exist according to educational level. Another explanation 
could be that adolescents enrolled in vocational educa-
tion visit other types of POS what are less inviting for 
VPA (such as a train station). These findings have impor-
tant social relevance as people with low educational level 
and low SES are at risk for low levels of physical activ-
ity [92] and are target populations that are hard to reach 
by standard physical activity initiatives from sport clubs 
or school sport. Therefore, interventions taking place 
in POS could have the ability to reach the target groups 
most in need for physical activity promotion. However, 
additional research is needed to define how adolescents 
could be encouraged to engage in physical activity in 
POS.
To our knowledge, this was the first study to look into 
the associations with sedentary time in POS. However, 
no associations were found with the individual nor with 
the social environmental factors. This could indicate 
that other factors are more important for sedentary time 
in POS. In this study, no environmental factors were 
included in the analyses, however, it is possible that the 
environmental characteristics of a POS (e.g., the presence 
of benches), are associated with sedentary time in POS. 
These factors should be included in future research.
This study emphasized the need for further research 
into the factors associated with time, sedentary time 
and physical activity in POS among adolescents. Within 
this study a social ecological approach was pursued. 
However, due to lacking variability in the POS locations 
that were used it was not possible to study the associa-
tions for the different types of POS locations that were 
used with time, sedentary time and physical activity in 
POS. Future studies could prevent this issue by assess-
ing a larger sample from different cities and gathering 
data on more than 2 days. For larger samples, using data 
collected by the participants’ smartphones using mobile 
object trajectory analysis, could be a cost-effective and 
time-efficient option. Furthermore, it is recommended 
to develop a method in which subjective measurements 
can be obtained in a less time consuming manner. For 
example, using ecological momentary assessment via a 
smartphone application in combination with GPS and 
accelerometers could be a useful method [93]. Such an 
application can prompt questions about the accompa-
niment or about the characteristics of the public open 
space, when the smartphone detects that a participant is 
present at a public open space of interest. This way the 
use of a smartphone application could lessen the bur-
den on the researchers and allow the researcher to col-
lect data on more than 2 days. However, developing such 
an application poses some technical difficulties and is 
very expensive. In this study, no specific spatial analyses 
were performed such as spatial clustering or spatial time 
services. We suggest including such analyses in future 
research as these were outside the scope of this paper.
Strengths and limitations
One of the major strengths of this study was the use of 
objective measurement methods for both locations and 
physical activity measures. By using these methods it was 
possible to investigate the locations that were actually 
used by the adolescents. Furthermore, these objectively 
measured data were combined with subjective interview 
data, to provide conclusive data and avoid the weaknesses 
of using solely qualitative or quantitative measurement 
methods [94]. Another strength was the broad defini-
tion of POS that was used in this study, whereas in other 
research often narrow definitions of POS were used. 
For example Edwards defined POS as “spaces reserved 
for the provision of green space and natural environ-
ments, accessible to the general public free of charge” 
and thereby excluded all non-green POS [95]. In this 
study, sedentary time and physical activity accumulated 
during trips to and from POS were included in analyses 
which, to our knowledge, has never been done before and 
provides a more comprehensive view on POS’ contribu-
tion to sedentary time and physical activity compared to 
previous studies that only included sedentary time and 
physical activity accumulated after arriving at the POS. 
Furthermore, it was attempted to include factors associ-
ated with POS use from different layers of the socio-eco-
logical model in order to provide a more comprehensive 
insight into the use of POS. However, only individual 
and social environmental factors could be included into 
the analyses, because of the low levels of POS use and 
the low variability in POS locations that were used. This 
could be due to the fact that only 1 or 2 days of data were 
included for analyses, which was the biggest limitation 
of this study. Furthermore, also events that were more 
“transport” related (e.g., when participants were waiting 
for a bus at a bus stop, with the sole intention to take the 
bus) were included in our study and this could be con-
sidered as a limitation. Due to the structure of the data 
it was not possible to solely select the events located at 
a public transportation stop/station that could actually 
be classified as leisure time (e.g., when participants used 
a station as a meeting place). It is possible that the high 
number of POS visits located at public transportations 
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stops/stations has altered the results. Another limitation 
of the study was that the data were collected from Sep-
tember to December, a period that is characterized by 
lower temperatures in this part of the world. This could 
have elicited different results compared to a period with 
generally better weather conditions. However, by includ-
ing weather information (sun, rain and temperature) as 
covariates in the statistical analyses, we tried to tackle 
this barrier. Only three questions were included in the 
personal interviews and no questions were asked con-
cerning the reasons for not engaging in physical activ-
ity. This could also be considered as a limitation of this 
study. The data were only collected in one city in Flanders 
(Belgium), inclusion of other cities could have provided 
different results and would have increased the generaliz-
ability of the current findings.
Conclusion
Our research showed that ethnicity, education, gender, 
age and accompaniment are associated with time and 
physical activity in POS but not with sedentary time in 
POS among adolescents. Identifying the population 
groups that are currently least using POS (for physical 
activity) is important in order to guide interventions. In 
this study it was found that boys, younger adolescents, 
non-western-European adolescents and lower educated 
adolescents used POS more often (for physical activ-
ity). Additionally, the accompaniment by siblings in 
POS was shown to be associated with more time spent 
in POS. Understanding the use of POS is necessary in 
order to develop POS that are attractive to all adolescents 
and provide opportunities to engage in physical activity 
alone or in company. Additional research is warranted to 
elaborate on the current knowledge about the use of POS 
among adolescents.
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The objective of this systematic review was to provide insight into the specific characteristics of public 
open spaces (POS) associated with adolescents’ POS visitation and physical activity (PA). Qualitative 
research suggests many characteristics to be associated with POS visitation and PA. Quantitative 
evidence confirmed a positive association between presence of trails, playgrounds and specific types 
of sports fields (e.g. basketball) with POS visitation and PA, whereas safety and aesthetics seemed 
subordinate. Suggestions for future research, as well as some methodological recommendations are 
provided. 
Keywords: teens, recreation, parks, exercise, green space, urban, youth  
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INTRODUCTION 
The World Health Organisation (WHO) recommends adolescents engage in 60 minutes of moderate- 
to vigorous-intensity physical activity (MVPA) every day [1]. Such levels of physical activity (PA) 
enhance adolescents’ health [2,3]. However, more than half of adolescents do not comply with these 
guidelines [4-7], and there is a rapid decline of PA levels through adolescence [8]. Insufficient PA is 
considered one of the leading risk factors for global mortality and negatively affects public health [7]. 
Moreover, it is of great importance to develop healthy PA habits at a young age, because these habits 
tend to track from adolescence into adulthood [9]. 
Socio-ecological models which have been adopted to explain PA behaviours among youth, highlight 
the importance of environmental characteristics in explaining PA behaviour [10]. These socio-
ecological models consist of different levels which include four domains of active living; active 
recreation, physical activity at home, active transportation and occupational/school physical 
activity. Within the “active recreation”-domain, public open spaces (POS) are considered to be an 
important location (i.e. physical environment) where adolescents can accumulate PA [11]. POS are 
defined as any public space, accessible to all people, independent of age, ethnicity, physical disabilities 
or other characteristics. POS can be publicly or privately owned, and are freely accessible. Parks, 
squares and playgrounds are examples of POS hypothesized as potential key locations for adolescents 
to accumulate PA [11]. The current review focuses on outdoor POS, since outdoor spaces are more 
suitable for PA and a vast amount of adolescents’ leisure time is performed outdoors [12,13].  In the 
last decade, the number of people residing in urban areas has increased by nearly 50% worldwide with 
this number expecting to rise to 66% by 2050 [14]. This will result in the expansion and densification 
of urban areas and will lead to a decrease in private green spaces (i.e. less people will have access to a 
private garden), which will increase the need for POS in urban areas [15].  
Compared to primary school aged children, adolescents (aged 12 to 16 years old) have greater 
independent mobility (i.e. ability to roam in the neighbourhood without adult supervision) [16,17]. 
However, due to the restriction to obtain a drivers’ license, they are still rather limited in their ability 
to visit places located at greater distances from their residence. Therefore, it is most likely that 12- to 
16-year-old adolescents use POS differently compared to younger children or older adolescents. POS 
near adolescents’ residences can be an important setting for PA. Moreover, previous research has 
shown that most adolescents use active transport (e.g., walk or cycle) to travel to parks or POS [17,18]. 
Therefore, increasing POS visitation (even when adolescents engage in sedentary activities after 
arriving at the POS) may lead to increased levels of PA due to active transportation.  
An increasing number of studies have focussed on the association between various aspects of POS and 
PA. An extensive review of literature on general neighbourhood characteristics and PA among youth 
reported that access to parks and recreation facilities had inconsistent relationships with PA among 
youth [19]. Two other reviews have reported no association between access to POS and adolescent PA 
levels [20,21], whereas two systematic literature reviews (one on youth and one on all age groups) 
showed access to POS to be associated with higher levels of PA [22,23]. Furthermore, it appears from 
a previous research that POS are infrequently used by adolescents (aged 11-16 years old) [24-27]. In 
addition to these inconsistencies in findings on access to POS and PA and low usage of POS, there is 
very limited evidence on which POS characteristics are important to encourage adolescents to visit 
POS or to be active in POS. It is important to better understand what characteristics of POS can 
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encourage POS visitation and PA in POS among adolescents in order to design POS that encourage POS 
visitation and PA among this age group. Only one review by McCormack and colleagues previously 
investigated which specific POS characteristics are associated with park use and PA [28]. This review 
reported park attributes related to safety, aesthetics, amenities, maintenance and proximity to be 
important for encouraging park use and PA in parks. However, this review only included qualitative 
studies and solely included attributes of parks, whilst other types of POS could also be important 
locations for adolescents to be active. Furthermore, this systematic literature review included 21 
studies, of which only five focused on adolescents and four of these five studies had very small samples 
(n<20). To the best of our knowledge, a systematic literature review including qualitative and 
quantitative evidence on specific POS characteristics associated with POS visitation or PA among 
adolescents is currently unavailable.  
Therefore, the purpose of this systematic literature review was to gain deeper insights into which, how 
and why specific physical characteristics of outdoor POS may be related to adolescent POS visitation 
and PA by reviewing qualitative studies. Secondly, we reviewed quantitative studies to provide an 
overview of POS characteristics quantitatively associated with POS visitation and PA (performed in POS 
or general PA) among adolescents. Gaining insights into these POS characteristics of POS related to 
adolescents’ PA is an important step to inform and guide the development of experimental studies 
exploring the causal association between POS characteristics and PA. Additionally, POS visitation and 
PA could be increased by knowing on which characteristics to focus. Information obtained from this 
review can also be used to inform urban planners in the development of PA-supportive POS.   
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METHODS 
Before conducting the literature search, the review protocol was written and registered in the 
PROSPERO database [29] under the registration number: CRD42016045790. This systematic literature 
review adheres to the guidelines from the PRISMA statement (Preferred Reporting Items for 
Systematic reviews and Meta Analyses [30]) and a PRISMA-checklist is available in additional file 1.  
SEARCH STRATEGY 
Electronic searches were conducted in April 2017 in four electronic databases: Sportdiscus, MEDLINE 
(using the Pubmed interface), Web of Science and Leisure Tourism Abstracts. A comparable search 
strategy was used for each database and additional search filters were used where possible (e.g., to 
define the timespan or language). The search included search terms for ‘adolescents’ AND ‘physical 
activity’ OR ‘public open space visitation’ AND ‘public open space’. The full search strategy can be 
found in additional file 2.  
IN- AND EXCLUSION CRITERIA 
The population of interest was healthy adolescents aged 12- to 16-years old (grades 1 to 4 of secondary 
school). Articles focussing on broader age groups were only included when the mean age of the 
participants was between 12 and 16 years or when results were reported for each age group 
separately. When the age range was broader than 12- to 16 years old and the mean age was not 
reported, the corresponding author was contacted. Subsequently, two articles were excluded, because 
the authors could not provide a mean age [31,32].  
The search was limited to articles published in English between January 2000 (to report on recent 
literature) and April 2017. Only peer reviewed articles were included. No criteria were set concerning 
the research questions of the studies (e.g., research papers with the main aim to report on POS 
planning and design could be included when they also reported on characteristics of POS related to 
POS use and PA among adolescents as a sub-aim). Articles were excluded when they only reported 
general neighbourhood characteristics of POS (such as population density, general crime rates or 
access to parks) or social characteristics (such as other people being present at the POS). 
Peer reviewed journal articles with both qualitative and quantitative research methods were included, 
however, studies with solely a methodological focus (e.g., to validate an audit tool) were excluded. A 
distinction between qualitative and quantitative research was made as suggested by a review article 
by Tuli et al. (2010) where qualitative methodology was characterized by having a flexible design and 
non-numerical analyses (e.g., focus group discussions), whereas quantitative methodology was 
characterized by a fixed design and statistical analyses (e.g., a study using questionnaires with closed-
ended questions) [33].  
Quantitative articles were required to have reported associations between specific physical 
characteristics of POS and POS visitation or PA among adolescents. Only articles examining associations 
with total PA, leisure time PA, PA in POS and active play were included. Subsequently, articles 
examining associations with school based PA, PA at home and transport related PA were excluded. PA 
levels could be measured by self-report (e.g., questionnaires) or objective measures (e.g., 
accelerometer). Qualitative articles were included when POS characteristics that were perceived 
positive or negative to visit or be physically active in POS were described using qualitative methods 
(e.g., interviews or focus group discussions) and they reported on (perceptions of) POS visitation, total 
PA, leisure time PA, PA in POS or active play (Table 1). 
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Table 1: In- and exclusion criteria 
 In- and exclusion criteria 
Population  Mean age between twelve and sixteen years 
 Healthy adolescents (e.g., no patient groups) 
 General adolescent population (e.g., no elite athletes) 
Setting 
 
 POS accessible to all people (e.g., not school grounds during school hours) 
 Free access (e.g. no entrance fee) 
Outcome  Quantitative: Association between POS characteristic and POS use or PA 
(total PA, PA in POS, leisure time PA, active play) 
 Qualitative: Perceptions of POS characteristics and related to POS visitation 
or PA (total PA, PA in POS, leisure time PA, active play) 
Publication Type  Peer reviewed articles 
 Original research articles 
Study design 
 
 No methodological studies 
 No systematic literature reviews 
Language  Only articles written in English 
ARTICLE SELECTION 
All records retrieved from the search were imported into Endnote X7 (Thomas Reuters, New York) and 
duplicates were removed. Two researchers (LVH and AG) individually screened and selected all articles 
based on title (n=11,721), subsequently on abstract (n=1,907) and finally on full text (n=618) (Figure 
1). Any disagreements were discussed with JVC, JV and BD until consensus was reached. Full texts were 
retrieved through the libraries of Ghent University and Vrije Universiteit Brussel and if needed through 
e-mail contact with the corresponding author of the article (n=1). Additionally, after the full-text review 
phase, a citation search was conducted for all included articles (forward tracking), reference lists of 
the included papers were screened to identify other eligible articles (backward tracking), and all 
authors searched their own databases for eligible articles. This additional search resulted in 62 records, 
which underwent the same systematic selection process as the articles initially identified (Figure 1). 
The total search resulted in 31 articles, of which 17 were qualitative and 14 quantitative. 
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Figure 1: Flowchart of the conducted search strategy 
DATA EXTRACTION 
Data from the included articles were extracted by LVH and AG, entered in a standardized data 
extraction document and cross-checked to eliminate inaccuracies. General study information (e.g., 
study design, sampling method), study characteristics (e.g., place where study was conducted, data 
collection period), sample characteristics (e.g., ethnicity), measurement methods (for POS and 
outcome), specific POS characteristics, PA or POS visitation outcomes, and the associations between 
both were extracted. Only information available in the articles was entered in the data extraction file 
(i.e. no raw study data were requested from the authors). For all quantitative studies the 
characteristics that were significantly positively associated to POS visitation or PA were marked in the 
data extraction file with a “plus”, all significant negative associations were marked with a “minus”, and 
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non-significant associations were indicated with “zero”. Whilst for all qualitative studies, 
characteristics mentioned as being supportive for POS visitation or PA were marked in the data 
extraction file with a “plus” and all specific characteristics that were reported to inhibit POS visitation 
or PA were marked with a “minus”. A complete overview of the findings is available in additional file 
3. 
CLASSIFICATION OF RESULTS 
The relevant specific POS characteristics from the included articles were extracted and categorized 
according to pre-defined categories: features (facilities, amenities and general features of the POS), 
condition (maintenance, incivilities and upkeep), aesthetics (attractiveness and appeal), safety 
(personal security and fear) and policy (management, rules and restrictions). These categories were 
previously suggested for future research by Bedimo-Rung et al. [34] and used in a review by Mc 
Cormack et al. on characteristics of urban parks associated with park visitation and PA [28]. It is 
hypothesized that the features present in a POS will determine the type of usage of the POS [34]. 
Especially for PA, the absence or presence of features was hypothesized to be important. Furthermore, 
not only the presence of these features but also the condition and maintenance of the features and 
the POS in general can influence the attractiveness of a POS. More aesthetically pleasing POS are 
hypothesized to attract more (physically active) POS visitors as being in a pleasant environment can be 
motivating for POS visitation or PA [34]. In this systematic review, only characteristics directly related 
to fear or personal security were categorized under “safety”. It was hypothesized that feelings of 
unsafety could discourage POS visitation, as people generally try to avoid unsafe situations.  
QUALITY ASSESSMENT 
The “standard quality assessment criteria for evaluating primary research papers from a variety of 
fields”-tool was used to score the included articles [35]. This tool contains two different checklists, 
(one for qualitative and one for quantitative studies) which contain ten and fourteen items, 
respectively. For the quantitative studies, items were scored depending on the degree to which the 
specific criteria were met (“yes” = 2, “partial” = 1, “no” = 0). Items not applicable to a particular study 
design were marked “n/a” and were excluded from the calculation of the summary score. A summary 
score was calculated for each paper by summing the total score obtained across relevant items and 
dividing by the highest possible total score (i.e.: 28 – (number of “n/a” x 2)). Scores for the qualitative 
studies were calculated in a similar way, based on the scoring of ten items; however, assigning “n/a” 
was not permitted for any of the items. The summary score for each paper was calculated by summing 
the total score obtained across the ten items and dividing by 20 (the highest possible total score). 
The quality of all articles was scored by LVH and one of the co-authors (AG, JVC, BD, DVD, JV, PC) and 
disagreements were discussed until consensus was reached. The results of the quality assessment are 
reported in additional file 4 and the total score is included in Table 2. The quality score was not used 
to exclude low-quality studies from the review, but to inform the reader about the quality of included 
studies.  
DATA ANALYSES 
All POS characteristics that emerged from the qualitative and quantitative studies were summarized 
in Table 3 according to the five categories and all characteristics were described in detail in the text for 
each category. First al qualitative results were described, subsequently, it was then checked whether 
the explorative qualitative findings could be confirmed by the quantitative results.  
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In the results section, no distinction was made concerning POS visitation or PA for the qualitative 
results, since these were generally not addressed as separate concepts (i.e. during focus groups 
discussions or interviews, these were discussed interchangeably or in some studies the main aim was 
to discuss the use of POS; however, adolescents often talked about PA in POS as this was their main 
reason to visit a POS).  
A complete overview of the results can be found in additional file 3. In this additional file, the 
quantitative results are presented separately for green spaces (land that is partly or completely 
covered with grass, trees, shrubs, or other vegetation e.g., parks, treed areas, meadows, fields [36]) 




GENERAL CHARACTERISTICS OF INCLUDED STUDIES 
All 31 studies (of which 17 had a qualitative and 14 had a quantitative design) included in this 
systematic literature review were cross-sectional studies and the number of participants ranged from 
10 to 377 for the qualitative studies and from 92 to 42,563 for the quantitative studies. Except for one, 
all articles were published after 2007. Almost half of the studies originated from North America (USA: 
12, Canada: 3, Brazil: 1), eight from Europe (Belgium: 2, Scotland: 2, UK: 2, Norway: 1, Spain: 1) and six 
from Oceania (Australia: 5, New Zealand: 1). Four articles were part of a larger study (two articles on 
the “Growing up Boulder” study, one article on the “Community Park Audit Tool” project and one 
article on the “Nuestra Voz-Our Voice” study) and about half of all studies collected data at schools 
(n=15). Almost all articles included perceptions, or measures of park or greenspace characteristics 
(n=25), sport fields and streets were studied in four articles and playgrounds and grass fields in three 
articles.  
For the qualitative studies, the following methods were used most often: focus group discussions 
(n=10), use of photographs (n=6), drawing maps (n=5) and individual interviews (n=5). Fourteen of the 
qualitative studies reported perceptions of POS characteristics connected with POS visitation, three 
with PA in POS, four with general PA and two with active play in POS. Most commonly used methods 
to measure POS characteristics in the quantitative articles were audit tools (n=5), Geographical 
information systems (GIS) (n=3) and questionnaires (n=3), whilst the methods most commonly used to 
measure POS visitation or PA were questionnaires (n=5) and direct observations (n=5) (see Table 2). 
Eight of the quantitative studies reported POS visitation, six reported PA in POS and three reported 
leisure time PA. The quality of the articles ranged from 0.32 to 1.00 on a scale of 0-1. More than half 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FEATURES (FACILITIES AND AMENITIES) - QUALITATIVE RESULTS 
Adolescents often perceived that age appropriate facilities were lacking in POS which discouraged their 
visitation [51,53,58,59,63,65] and PA in POS [59,64]. Adolescents sometimes felt like they were too old 
for the playgrounds and play structures that are common in many POS [51,58,59,63-65]. 
“Like in parks, there is nothing to do for young people of my age, it’s all for children, 
the swings and the slides. They should put things for us, as well.” (Girl, age 13 to 14 
years, 50). 
However, two studies (mean age of participants 13.4 and 13.3 years) reported that playgrounds were 
perceived as positive for POS visitation [54,66] and PA in POS [66]. Another study reported that 
adolescents did use the playgrounds occasionally because there was not much else to do [51]. Facilities 
for younger children (e.g., playgrounds, slides and swings) were generally perceived as negative 
features by adolescents for POS visitation and PA in POS, because such facilities were perceived to be 
boring or childish. However, it was mentioned that these facilities could be useful when adolescents 
were accompanied by younger siblings [66]. Furthermore, adolescents suggested that diverse facilities 
for all ages should be present so adolescents can visit POS with younger siblings, parents or 
grandparents [52,66]. 
Adolescents mentioned sport- and recreational facilities (e.g., basketball courts, football pitches, 
indoor public swimming pools, bike tracks, BMX jumps, paths and trails) and play facilities (such as tree 
houses) to be positive characteristics of POS for visitation [51,52,54,60,66] and PA in POS [60,64,66] 
and general PA [57,61,64].  
“I live right by my church…there’s a lot of basketball hoops and stuff like that. Also, 
there’s a big tree that you can climb in. So there’s a lot of things that you can do.” (Girl, 
age 12 years, [64]). 
Additionally, it was mentioned that adolescents like to alternate between different activities, therefore 
POS that provided opportunities for different activities were preferred [57,60,66]. Moreover, sport 
facilities with sufficient lighting [61] were perceived positively for general PA by the adolescents and 
multifunctional, small sport facilities were perceived positively for POS visitation [62]. However, one 
study reported that adolescents mentioned lighting not to be important because parks were not visited 
after dark due to safety concerns related to the presence of gangs at that time [63]. Sufficient lighting 
was also mentioned in relation to safety and the condition of the POS. Furthermore, sport fields that 
required additional equipment (such as badminton racquets) were perceived as negative 
characteristics for POS visitation and PA in POS [66].  
Apart from these man made features, natural features such as creeks with foliage [52], ponds [66], 
trees to climb [66], less constrained outdoor spaces [64], open spaces and fields [52,60,61,64,66], and 
opportunities to interact with nature such as boardwalks, trails and bridges over a creek [53], were 
perceived as positive characteristics for POS visitation and PA in POS.  
“What I like here are the trees and the grass to sit on, on a square you can’t sit on the 
ground or do anything and here we can have a picnic and do lots of other stuff.” (Girl, 
age 15 years, [66]). 
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Additionally, adolescents mentioned that the open spaces required flat surfaces and good drainage to 
be perceived as a positive characteristic to encourage POS visitation [60]. Flexible green spaces were 
mentioned as a positive characteristic by adolescents because these can be used for various activities 
such as soccer or summer movie nights [52].  
Adolescents often travel to POS by bike [17,18], therefore bicycle racks were perceived positive for 
visitation [53,66] and PA in POS [66]. Additionally, public transport linking to trails and sufficient car 
parking were also mentioned to encourage POS visitation in a study concerning larger POS located at 
the city’s outskirts [53]. Adolescents described fences as a positive characteristic because they 
provided opportunities for PA in POS (i.e. throwing or kicking a ball against it), they can serve as a 
boundary marker for games and can provide some privacy such that adolescents could play without 
being watched by others. However, sometimes a fence was perceived as a barrier for active play [64].  
Amenities such as toilets, drinking fountains, benches, comfortable seating with heaters, sheds, 
shelters, tables and BBQ facilities were mentioned by the adolescents as positive characteristics 
because they encourage POS visitation for a longer period of time. Only one study reported affordable 
food options, including food trucks, picnic tables and covered seating to be positive features for visiting 
a POS. In this study, the participants mentioned they only had 30 minutes to have lunch and having 
affordable food options and seating at the POS would make it more attractive [52]. Additionally, flags 
and symbols at the POS or cultural quotes along paths, representing the cultures and nationalities of 
the city were suggested to be positive characteristics for adolescent POS visitation. This was mentioned 
when a POS was studied located in an area that was previously inhabited by Native Americans [52]. 
Other cultural features proposed to stimulate POS visitation were a chalkboard, a performing arts stage 
and a sculpture garden [52]. 
FEATURES (FACILITIES AND AMENITIES) - QUANTITATIVE RESULTS 
The qualitative results highlighted that playgrounds are often designed for younger children and that 
diverse facilities for all ages were perceived positive in order to visit POS in the company of their 
siblings. The quantitative results partly confirmed the qualitative results for POS visitation. The 
presence of a playground was unrelated to objective POS visitation in one study [38], but positively 
associated with objective park visitation in two studies [44,48] and preference for park visitation in 
one other study [49]. Furthermore, Veitch and colleagues found that adventurous play facilities, such 
as giant slides, swings, climbing equipment and a flying fox (i.e. age appropriate facilities), were 
elements which adolescents reported to be appealing [49,50]. Nevertheless, the suitability of the 
facilities (i.e. age appropriateness) measured objectively was not related to park visitation nor with PA 
[41]. However, only one study found positive associations between the presence of playgrounds and 
PA in POS, Veitch and colleagues found that adventurous playgrounds with swings, slides and climbing 
elements were ranked to be most important for being active in the park [49]. Whereas, no associations 
between the presence of a playground and PA were found by Edwards et al. [39].  
Sport facilities were mentioned in the qualitative studies as supportive for POS visitation, which was 
confirmed by the quantitative studies. Sport activity zones and recreational facilities (i.e. walking paths, 
sport courts, BMX trails) were frequently found to be positively associated with green space visitation. 
The presence of basketball courts was positively associated with objectively measured [38,44] and 
preference for park visitation [49,50]. Presence of volleyball, baseball and handball fields were also 
positively associated with observed number of park users [44]. The presence of trails or walking paths 
was positively associated with green space visitation in two studies [44,48], with preference of parks 
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in two studies [49,50] but no association was found in one study [38]. However, in one study no 
association was found between the presence of sport facilities and park visitation [41]. Associations 
with visitation of other (non-green) POS were only described in one study that found positive 
associations between the presence of a sport field and visitation of outdoor neighbourhood 
environments [37]. The evidence for associations between the presence of sport fields and PA in POS 
was less strong. Associations between green space features and PA were described in seven different 
studies [39-41,45,47-49]. Objectively-assessed presence of activity spaces such as sport fields (e.g. 
soccer, baseball, and hockey) was unrelated to PA in one study with self-reported PA [39]. In other 
studies, painted sport goals on walls [49], ground markings [49], basketball/netball hoops [49], walking 
paths [39,48] and skateboard/BMX areas [39,49] were found to be positively associated with self-
reported PA [39], objectively measured PA [48] and preference for PA [49]. The presence of 
basketball/netball hoops was not associated with self-reported PA in another study [39]. Additionally, 
the presence of recreational facilities and walking and cycling paths were unrelated to PA [46]. 
Qualitative results revealed that adolescents prefer POS where they can alternate between different 
physical activities and therefore, POS with a large variety of features were perceived as more 
supportive for visitation and PA. However, the number of activity facilities was unrelated to park PA in 
three quantitative studies [39,41,47] and the number of recreational facilities and playgrounds was 
unrelated to objectively measured PA in POS in one study [46]. Only one study found positive 
associations between the number of facilities and objectively measured park visitation [43] and 
another for self-reported PA in POS [47]. 
The participants in the qualitative studies indicated that supporting amenities such as shelters, 
benches and BBQ areas were supportive for POS visitation and PA. However, few quantitative studies 
examined these associations, therefore evidence to support these qualitative perceptions remains 
limited. The presence of a picnic area and a shelter were positively associated with objectively 
measured green space visitation [38]. Loukaitou-Sideris and colleagues found no association between 
overall park comfort (expressed as a sum score of presence of BBQ, restrooms, adequate seating, 
shade over more than 50% of the park, drinking fountains, vending machines, etc.) and overall park 
visitation. However, park comfort was positively associated with park visitation (number of 
adolescents) in the valley park studied and negatively associated with visitation in the inner city parks 
studied [43]. Only one study looked at associations between supporting amenities and PA in POS. The 
presence of BBQ areas, picnic tables and publicly accessible toilets was positively associated with PA 
whereas no associations were found in the same study for the presence of seating [39].  
Natural features (such as trees, plants, water features) were indicated in some of the included 
qualitative articles as supporting for POS visitation and PA. In the quantitative studies, water features 
were positively associated with green space visitation in two studies [38,44]. Additionally, Aradi et al. 
found positive associations for objectively assessed presence of hilly terrains, varied terrains and 
grassy areas with visitation of outdoor neighbourhood environments [37]. However, one study found 
that the presence of water features and gardens [39] was not associated with PA at green spaces.  
CONDITION (MAINTENANCE, INCIVILITIES AND UPKEEP) – QUALITATIVE RESULTS 
Well-maintained and clean POS, and good and modern equipment were perceived positively by the 
adolescents for POS visitation [60] and general PA [64]. Consequently, a lack of cleanliness was often 
reported by adolescents as a negative characteristic for POS visitation [51,54,59,63,66,67], PA in POS 
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[56,59,64,66] and general PA [61,64,67]. Issues raised regarding cleanliness were: garbage, graffiti, 
dirt, dog mess, illegal dumping, broken glass, evidence of drug use (syringes) and bad smell.  
Some adolescents stated that they did not have clean decent places to play [59]. Poor 
upkeep/maintenance of the sport fields/equipment (e.g., vandalized facilities, inoperable lights, poor 
rusted equipment, holes in fences) and poor upkeep/maintenance of the playing surface of sport fields 
(i.e. cracks in the courts, glass, uneven surface, poor ice quality in outdoor ice rinks, trash, leaves, rocks 
and syringes) were also described as negative characteristics for POS visitation [51,54,62,66], PA in POS 
[64,66] and general PA [61,64]. Cracks in the sidewalks were perceived as a negative characteristic for 
PA in general [61].  
Moderator – “Is there anything that makes a place somewhere you don’t want to go?” 
“If it doesn’t have, like, good equipment, like, some of the equipment’s like rusted.” 
(Boy, age 12 years, [60]). 
The mechanisms through which the condition of a POS can affect POS use and PA may be via perceived 
feelings of safety, aesthetics or fear from being injured. For example, incivilities (such as graffiti, broken 
glass, evidence of drug use) may indicate the presence of undesirable users (see section about safety) 
which can affect perceived safety and the presence of badly maintained features could be perceived 
dangerous for injuries.  
CONDITION (MAINTENANCE, INCIVILITIES AND UPKEEP) – QUANTITATIVE RESULTS 
The qualitative results emphasized that clean, well maintained POS and sport facilities with modern 
equipment encouraged POS visitation and PA. However, this was not confirmed by the few 
quantitative studies that examined these associations, additionally, only overall measures of 
maintenance were investigated. Two studies quantitatively examined associations between green 
space maintenance and green space visitation, of which one found a positive association [43] and one 
found no association [41]. Additionally, one study found no association between overall maintenance 
of the green space and objectively measured PA [41]. 
AESTHETICS (ATTRACTIVENESS AND APPEAL) – QUALITATIVE RESULTS 
Modern designs, new constructions as well as historical elements (such as a statue) attracted 
adolescents to POS (POS visitation and PA in POS) [52,55,66,67]. Beautiful sceneries with nature and 
greenery (i.e. lots of trees, river, attractive plants) and diverse habitat around trails encouraged POS 
visitation [52,53,60,66,67], PA in POS [66] and general PA [61,67] (mostly by girls).  
“I usually come here to jog, and when a place is green and open it motivates to be 
active. This is one of the reasons why I come to this park”. (Girl, age 15 years, [66]). 
Water features (such as ponds, fountains or rivers) and opportunities to interact with water were also 
perceived positively by adolescents for POS visitation [52] and general PA levels [57], however, 
adolescents sometimes considered water areas as unsafe (see safety section). It was also mentioned 
by the adolescents that a POS with lots of colours and graffiti at designated places (e.g. graffiti wall) 
were more attractive for visitation [51,52,66], PA in POS [66] and general PA [64]. In contrary, graffiti 
tags at non designated places, discouraged POS visitation and PA in POS [66].  
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I think the graffiti is bad because it doesn’t help the community at all…a lot of workers 
that do cement have to fix it…and it doesn’t make the neighbourhood look any 
better.’’  (Girl, [67])   
AESTHETICS (ATTRACTIVENESS AND APPEAL) – QUANTITATIVE RESULTS 
Qualitative results revealed that adolescents prefer POS with modern design, historical elements, 
colour, nature and green, water areas but without graffiti. However, only the presence of nature and 
green, water features and aesthetic value were examined in the quantitative studies.  
Presence of greenness and landscapes were positively associated with objectively measured park 
visitation in one study [43], while environmental diversity and aesthetic value were unrelated to 
objectively measured green space visitation in another study [41]. Veitch et al. did find a positive 
association for the aesthetic value and landscape and greenness with preference for park visitation 
[49,50]. A positive association for self-reported PA with the presence of more than 25 trees [39] and 
with the percentage tree area over total land area [42] was found. No association was found between 
Normalized Difference Vegetation Index (NDVI) [39], tree canopy area [39] or percentage of meadows 
over total land area [42] and self-reported PA. Overall aesthetic value [41], environmental diversity 
[41] and the presence of a water feature [46] were unrelated to objectively measured PA. Furthermore, 
in one study, findings regarding the association between the presence of trees and PA were mixed, 
presence of trees was unrelated to moderate-to-vigorous PA (MVPA) in the weekend, but positively 
associated with MVPA after school [46]. 
SAFETY (PERSONAL SECURITY AND FEAR) – QUALITATIVE RESULTS 
Poor maintenance and condition of POS and facilities were often mentioned in relation to feelings of 
safety. For example, lack of, or inoperable lights [51,52,61,66], unsafe surfaces (i.e. uneven grass, 
holes, lopsided surface, grass on basketball field) [62,63] and poor cleanliness (i.e. glass, syringes, 
broken bottles) [63,66] were considered barriers for POS visitation, PA in POS and general PA because 
they increased the risk of injury. Adolescents mentioned that they often came to the POS with their 
younger siblings and, therefore, the presence of safe features for children was perceived as a positive 
characteristic for POS visitation and PA in POS [66]. High levels of motorized traffic in and around POS 
was described as a deterrent for POS visitation [66] and PA in POS [65,66] and general PA [64], whereas 
safe road crossings were perceived as encouraging for POS visitation [53]. 
 Another characteristic of POS that made adolescents feel unsafe and thereby made the POS less 
attractive to visit and use for PA were secluded/isolated areas (i.e. paths through wooded areas) where 
adolescents feared assault [51,66].  
“I like it here because it is a large and open space and you can see everything that is 
going on. It is good if there are some trees but not too much otherwise it is too 
secluded.” (Girl, age 13 years). Similarly, a 14-year-old girl stated: “[. . .] it is open here, 
if something would happen, there will always be someone who would see it and come 
and help.” (Girl, age 14 years, [66]). 
Adolescents considered the presence of graffiti and vandalism to be associated with dangerous people 
being present at the POS. This was mentioned to negatively influence POS visitation [51] and general 
PA [64]. Another characteristic that is strongly linked to policy, is the presence of unleashed dogs, 
which are perceived by the adolescents as potentially dangerous and could possibly have a bad impact 
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on nature and wildlife. Therefore, the presence of fenced, off-leash dog areas was perceived as a 
positive characteristic to encourage POS visitation [53,54] and general PA [64]. In one US study, it was 
suggested that an emergency station would be a positive characteristic to increase feelings of safety 
and could thereby increase POS visitation [54]. 
SAFETY (PERSONAL SECURITY AND FEAR) – QUANTITATIVE RESULTS 
Participants in the qualitative studies emphasized that feelings of safety could influence the 
attractiveness of a POS for POS visitation and PA. However, most of the characteristics that were 
mentioned in the qualitative studies (graffiti, unleashed dogs, secluded areas and poor maintenance 
of facilities) were not included in the quantitative studies.   
One study [43] investigated the association between safety of parks and objectively measured park 
visitation and found a negative association with overall park safety (i.e. more safety related features: 
e.g., police substations, park staff, lighting, emergency phones, was associated with less park visitors). 
Additionally, POS safety including amount of traffic and lack of lighting were negatively associated with 
POS visitation (i.e. less traffic and more lighting were associated with higher levels of outdoor 
neighbourhood environment visitation) [37].  
Five studies investigated associations between safety and PA in POS [39,40,42,45,46]. Presence of 
lighting was positively associated with self-reported PA in one study [39], while perceived poor lighting 
was negatively associated with poor engagement in self-reported park PA among girls, but not among 
boys [45] and the presence of lights near streets was not related to objectively measured PA [46]. 
Inconsistent findings were observed regarding traffic safety. Presence of minor roads around parks 
[39] and the presence of low traffic speed roads were unrelated to self-reported PA [42]. Perceived 
dangerous traffic was negatively associated with low park PA among boys, but not among girls in one 
study [45], while a positive association between perceived overall traffic safety and self-reported PA 
was found in another study [40].  
POLICY (MANAGEMENT, RULES AND RESTRICTIONS) – QUALITATIVE RESULTS 
Rules and restrictions regarding ball games or any rules or restrictions in POS were mentioned as 
making POS less attractive to visit and to be active (in POS and in general). Signs that forbid ball games 
were regularly found at communal grassy areas located close to houses. Adolescents often felt like 
they had nowhere to go and play, make noise or play ball games and felt excluded because of signs 
that forbid ball games [59,61]. 
“There is a sign with “No Ball Games” on a piece of greenery on my road. It stops 
children from playing typical games, but children need somewhere to play. […] They’ve 
got “No Ball Games” signs all over our streets and there are loads of little pieces of 
grass where kids could just play, and be like fairly happy and fairly safe, but they put 
up “No Ball Games” signs and that they can’t play there, and it’s like stopping from 
enjoying themselves.” (Girl, [59]).  
Lack of information regarding the POS (e.g. information on  the trails, natural history and safety 
awareness), lack of signage in and around the POS and absence of a map of the POS were perceived as 
negative characteristics for POS visitation [52,53].
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POLICY (MANAGEMENT, RULES AND RESTRICTIONS) – QUANTITATIVE RESULTS 
Two quantitative studies examined policy related associations. The allowance of dogs in the parks was 
not associated with self-reported PA in one study [39]. In another study, signage for dogs was positively 
associated with MVPA after school, but not associated with MVPA on the weekend [46]. Finally, the 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The current review is the first to provide a systematic overview of existing qualitative and quantitative 
knowledge regarding POS characteristics associated or potentially influencing POS visitation and PA 
among adolescents. Summarizing the existing knowledge regarding characteristics of PA-supportive 
POS is important to inform and assist urban planners when planning to (re)design POS. Especially 
insights into POS characteristics associated with visitation and PA for adolescents is important, given 
that decreases in PA levels are strongest during adolescence [68]. 
Fourteen quantitative and seventeen qualitative studies were included in this review, all except one 
were published during the last decade. This indicates that interest in this topic is growing, but given 
the relatively low number of studies, evidence is currently limited. The number of quantitative studies 
examining similar POS characteristics was small (maximum 5 studies studied similar POS 
characteristics, 70% of the POS characteristics were examined in only one study), whereas many similar 
POS characteristics emerged from the qualitative studies. Additionally, many different measurement 
methods were used across the quantitative studies, with more studies using objective measurement 
methods (n=6), or a combination of objective and self-reported measures (n=5), compared to self-
reported data (n=2). This variety in methods and design makes it difficult to formulate statements 
regarding the evidence of associations; however, some general preliminary observations can be 
formulated 
It emerged from the qualitative results that adolescents perceive a lack of age appropriate features 
(e.g., sport fields and adventurous playgrounds) in POS and consider the features that are common in 
many POS (playgrounds with small swings and slides) to be designed for younger children 
[51,53,58,59,63-65]. Surprisingly, this has also been reported in previous research among children 
younger than 12 years old [28,69,70]. This suggests that extra effort is needed to ensure age 
appropriate and challenging features are provided in POS for both adolescents and children. 
Adolescents indicated that sport- and adventurous playgrounds would encourage POS visitation and 
PA. The quantitative evidence for this association is stronger for POS visitation than for PA. Regarding 
POS visitation, evidence suggests that presence of specific sport fields and adventurous playgrounds is 
positively associated with visitation [43,44,48-50]. Regarding PA, two studies found a positive 
association for the presence of sport fields with self-reported MVPA after school [47] and preference 
for PA [49]. However, no associations for the presence of sport fields with objectively measured PA 
[41,47] nor with self-reported PA [39] were found in three other studies. Additionally, an adventurous 
playground was associated with preference for PA in one study [49]. These results are supported by 
previous research reporting on a natural experiment, where it was shown that the instalment of 
playgrounds was associated with an increased number of people (of all ages) and with more people 
walking and being vigorously active [71]. Observational studies have reported that sport fields in parks 
have the highest number of park users and are used at highest energy expenditure among all age 
groups [72,73]. The few associations found for the presence of sport fields and adventurous 
playgrounds with PA could possibly be explained by the fact that other conditions should be fulfilled 
in order to stimulate PA (such as other adolescents to play soccer with, or good maintenance of the 
sport field [66]). However, sport fields and adventurous playgrounds can be considered attributes that 
may encourage POS visitation and PA across several age groups.  
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The presence of trails or walking paths was positively associated with POS visitation [43,44,48-50,74] 
and PA [39,48] in the quantitative studies and was also mentioned in the qualitative studies as an 
encouraging characteristic. Therefore, installing trails or walking paths could be a rather low cost 
adjustment to existing POS in order to encourage PA or POS visitation. Furthermore, the presence of 
walking paths and trails in parks was previously shown to be the park facility with the strongest 
relationship with park use for physical activity among adults [75]. 
The qualitative results indicated that POS had to be well maintained and aesthetically pleasing in order 
to be attractive for adolescents’ POS visitation and PA. However, the concepts “maintenance” and 
“aesthetics” are very difficult to measure quantitatively as they are temporal concepts and are 
dependent on personal preferences (aesthetics) and recall bias when measured subjectively. This could 
explain the mixed results regarding associations for maintenance and aesthetics with POS visitation 
and PA in the quantitative studies. However, our results indicate that greenness, beautiful landscape 
and good maintenance could increase the attractiveness of a POS for visitation and PA, although 
evidence remains limited. Nevertheless, it has been shown that an aesthetically pleasing environment 
is associated with PA among adults [76,77]. Additionally, quasi-experiment in the US has shown that 
greening of vacant urban land (planting trees and grass), removing trash and regular maintenance 
activities was associated with residents reporting less stress and more exercise [78]. Therefore, 
ensuring good maintenance and creating aesthetically pleasing POS could be a valuable strategy to 
increase overall attractiveness of POS for visitation and PA.  
For POS visitation, safety was only examined in two quantitative studies, of which one found an 
association in the unexpected direction [43]. Regarding PA, some quantitative evidence was found for 
the importance of lighting and low speed roads, which is consistent with the qualitative results [39,42]. 
However, other findings showed no associations between safety-related characteristics of POS and PA 
[39,45]. This is consistent with findings on associations between overall measures of neighbourhood 
safety and overall PA, for which (perceptions of) safety appear to be less important for adolescents 
than for children [79].  
Based on our findings, it can be hypothesized that POS characteristics important for PA are similar as 
those important for POS visitation, i.e. presence of particular sport fields such as basketball fields, 
presence of walking paths or trails, and the presence of adventurous playgrounds. However, evidence 
is still very limited for several other features that may encourage POS use and PA, such as POS size, the 
number of features present, safety-related characteristics, maintenance-related characteristics and 
aesthetical features. Additionally, it is currently unclear what features may encourage PA when the 
main intention of the POS visit is not PA (e.g., how to induce PA when main aim was a picnic).  
POS are places that are used by all age groups, therefore it is important to design POS to cater for users 
of POS across the lifespan and both males and females. However, it appeared that more male adults 
and children (aged 6-18) were present in park zones with a basketball court [38]. This indicates that 
attention should be paid to ensure facilities are attractive for males and females of all ages.  
There were many methodological differences between the included quantitative studies. Most studies 
used combinations of objective measures of both the POS characteristics (via observations or GIS) and 
POS visitation. Two quantitative studies used a conjoint analysis and a ranking exercise to investigate 
preferences of POS characteristics for POS visitation [49,50] and POS PA [49] which does not make it 
possible to generate conclusions regarding actual POS visitation or PA within POS. Also comparing 
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these outcomes with other studies is somewhat difficult given the differences in outcome measures. 
Additionally, only two studies used accelerometers to objectively assess PA, expressed as overall MVPA 
[46,47]. The fact that the context of PA is not taken into account when using accelerometers may 
explain why these latter studies found few associations. It may be hypothesized that more associations 
would be identified if studies explored  associations between POS characteristics and PA in POS, as it 
seems reasonable that POS attributes only affect POS PA, and not general PA. In the current study, 
seven studies investigated correlates of PA, of which two were on overall MVPA [42,46], while others 
explored to some extent the associations with PA within POS [39,40,45,47,49]. This may (partly) explain 
the high prevalence of null associations in the included studies.  
It is advisable for future research to use objective outcome measures to assess PA in POS via 
observations or the combined use of GPS and accelerometer to indicate which locations are most often 
used by adolescents, and where adolescents spend their time when being physically active. In this 
review, none of the studies used a combination of GPS and accelerometers, suggesting that more 
research using these measurement methods is warranted. Additionally, the use of mixed methods 
could clarify quantitative results by using qualitative methods.  
The included qualitative data revealed that girls prefer activities such as dancing, walking and 
basketball, whereas boys preferred activities such as soccer and biking [57]. Subsequently, different 
sport- and recreational features in parks may be preferred by girls compared to boys. The quantitative 
evidence suggests that playgrounds are used equally by boys and girls aged 0 to 18 years old [38], but 
that swings were more often used by girls [43]. Safety was another important theme mentioned more 
frequently by girls in the qualitative articles. This included safety from injuries in poorly maintained 
POS [66] and safety from assault (by people and dogs) [55,58,59] and discouraged girls to visit a POS 
unaccompanied. Moreover, Timperio et al. 2008 found that the presence of signage regarding dogs in 
the POS closest to home was associated with higher levels of accelerometer measured MVPA after 
school during week days among girls but not boys [46].  
RECOMMENDATIONS FOR FUTURE RESEARCH 
 Future research should include objective PA data in POS (e.g., with GPS and accelerometers) 
combined with validated audits of POS characteristics and qualitative research to ensure a 
comprehensive analysis of the topic.  
 Future research should focus on the supportive characteristics of POS other than parks, such 
as playgrounds or squares within the neighbourhood.  
 Additionally, there is a need for longitudinal studies and natural experiments to investigate 
causal relationships between changes in POS and POS visitation and amount of PA or PA 
intensity.  
 Extra attention should be paid to user groups that are currently underrepresented in POS such 
as girls, woman [80], adolescents and older adults [81,82]. 
 Moderating effects of socio-economic status and cultural background should be taken into 
account in future studies.  
 Future studies should also try to include multiple age groups, as POS have to be suitable for 
users of all ages and different preferences can exist between user groups.  
 More research outside the US is needed. 
 Additionally, socio-cultural POS characteristics (such as the presence of undesirable users) 
should be included next to physical environmental characteristics as socio-ecological models 
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emphasize the importance of both the physical and social environment. Especially among 
adolescents, for whom behaviour of peers or presence of other POS users may be of particular 
importance [13,83,84]. 
 Policy makers often have limited budgets, therefore research investigating the most important 
characteristics of POS that encourage POS visitation and PA among all age groups, is needed 
in order to provide clear instructions for the (re-)development of POS.  
 In real life situations, multiple POS characteristics will be present simultaneously. Future 
studies should therefore investigate which combinations of characteristics elicit POS visitation 
and PA (e.g. by studying interactions between POS characteristics).   
PRACTICAL IMPLICATIONS 
The results of this systematic literature review provide a starting point for policy makers and urban 
developers when designing new POS or for POS renewal and it is recommended that future POS 
designers consider the following aspects. The presence of sport fields in POS will most likely encourage 
adolescents to use a POS. The presence of playgrounds was shown to be associated with POS use and 
PA among adolescents; however, the qualitative evidence showed that playgrounds are only perceived 
as encouraging POS visitation and PA when they are challenging and adventurous. Evidence for the 
associations between maintenance, aesthetical and safety-related characteristics is limited; however, 
adolescents indicated in qualitative research that these aspects do contribute to the attractiveness of 
a POS for visitation and PA.  
STRENGTHS AND LIMITATIONS 
This literature review is one of the first reviews to include multiple types of POS and both qualitative 
and quantitative research, which provides multiple perspectives. Previous studies only included parks 
and thereby decreased the generalisability and the comprehensiveness of the results. However, very 
few of the included articles reported results on the specific characteristics of less conventional places 
(e.g., vacant lots) for adolescents to visit or use for PA. These unconventional spaces should receive 
more attention in future research as they have the potential to be better utilized. Another strength 
was that a thorough review protocol was written and registered in PROSPERO database. Two 
independent reviewers screened all articles, extracted the data and performed the quality assessment 
to reduce the possibility of errors in the article screening process. This led to increased certainty about 
the accuracy of the included articles and data. Further, the characteristics of POS that were included 
in this review were categorized according to previously used categories to increase the comparability 
of the results with previous research. POS have to be designed to cater for the needs of all ages, 
therefore the results of this systematic literature review needed to be comparable to results of studies 
and review articles across other demographic groups.  
The search was, however, limited to English literature and only four databases were searched, 
although these databases were anticipated to best cover the topic area. The search was limited to peer 
reviewed articles, and grey literature may have provided additional insights. However, only including 
peer reviewed articles ensured a high quality of the included research. This review focused on physical 
POS attributes associated with POS visitation or PA. However, from a socio-ecological perspective, 
individual, socio-cultural, and social environmental characteristics are also likely to explain some 
variance in POS visitation or PA [85] and the presence of combinations of these characteristics may be 
necessary to influence POS visitation and PA.  
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CONCLUSION 
To conclude, this was the first review to provide an overview of qualitative and quantitative studies 
exploring the association between POS characteristics and POS visitation and PA among adolescents. 
Findings of the current review suggest that the presence of trails and walking paths, adventurous 
playground and some specific types of sport fields could be positively associated with both POS 
visitation and PA among adolescents. Aesthetics and safety-related characteristics seem to be less 
important for POS visitation and PA. We call for more studies using high quality methodologies (i.e. 
GPS and accelerometer to measure PA in parks and on-site observations using valid tools to assess POS 
characteristics) and in other types of POS than parks (such as playgrounds and squares) in order to 
inform urban planners when aiming to (re)design PA-supportive POS. Additionally, insights into 
individual and social factors related to POS use or PA are needed to obtain a socio-ecological approach 
to explain POS use and PA.  
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ADDITIONAL FILE 2: SEARCH STARTEGY 
 
 




 #2 ‘physical activity’ OR ‘physical activities’ OR ‘physically active’ OR ‘physical exercise’ OR ‘leisure 
activities’ OR play’ OR ‘park visitation’ OR ‘park use’ OR ‘sport’ OR ‘exercise’ OR ‘leisure’ OR ‘recreation’ 
OR ‘walking’ OR ‘cycling’ OR ‘active play’ 
AND  
#3 ‘environment’ OR ‘built environment’ OR ‘public open space’ OR ‘public space’ OR ‘open space’ OR 
‘park’ OR ‘neighborhood’ OR ‘neighbourhood’ OR ‘public place’ OR ‘recreational facility’ OR 
‘playground’ OR ‘trail’ OR ‘square’ OR ‘greenway’ OR ‘greenspace’ OR ‘urban space’ OR ‘field’ OR ‘park 
features’ 
 




ADDITIONAL FILE 3: OVERVIEW OF THE FINDINGS 
Additional Table 1: Overview of the quantitative findings regarding POS visitation 
Objectively measured POS characteristics associated with … Objectively measured Self-reported 
POS visitation POS visitation 
  - 0 + - 0 + 
1.      Green space visitation       
Features       
Presence of exercise facilities  [41]     
Number of exercise facilities   [43]    
Exercise facility suitability   [41]     
Trail or walking path  [38] [44,48]   [49,50] 
BMX Track      [50]    
Basketball court   [38,44]   [49,50] 
Volleyball court   [44]    
Baseball court   [44]    
Handball or tennis court   [44]    
Table tennis tables  [38]    [49,50] 
Adventure playground  [38] [44,48]   [49] 
Gigantic/big slide      [49,50] 
Climbing equipment      [49,50] 
Swing      [49,50] 
Flying fox      [49,50] 
Pool or water feature   [38,44]    
Shelter   [38]    
Picnic area   [38]    
Park size   [38,43]    
Park comfort  [43]     
Condition       
Overall maintenance  [41] [43]    
Aesthetics       
Aesthetic value  [20]    [50]    
Environmental diversity  [20]     
Landscape & greenness   [43]   [49] 
Safety       
Overall park safety [43]      
2.      Other POS visitation       
Features       
Hilly terrain      [37] 
Varied terrains      [37] 
Open cultivated area (grassy area)      [37] 
Open cultivated area (sport field)      [37] 
Safety       
Traffic    [37]   




Additional Table 2: Overview of the qualitative findings regarding PA 
  Objectively measured PA Self-reported PA 









1.      Characteristics of green 
spaces 
- 0 + - 0 + - 0 + - 0 + 
Features 
Number of activity spaces  [41]   [47]   [39]    [47] 
Sport fields (soccer, football, 
cricket, baseball, hockey, 
rugby, athletics) 
       [39]     
Exercise facility suitability   [41]           
Fitness Circuit        [39]     
Basketball/netball hoops        [39] [49]    
Skateboarding/BMX         [39,49]    
Brightly painted sports goals 
on brick wall and ground 
markings 
        [49]    
Table tennis table        [49]     
Walking paths/trails   [48]      [39]    
Children’s playground        [39]     
Playground (shaded)        [39] [49]    
Playground features (Gigantic 
slide, swing, flying fox, 
wooden ship with rock 
climbing wall) 
        [49]    
Fountain or other water 
feature 
       [39]     
Gardens        [39]     
No features/Lack of 
equipment 
       [39]  [45]#   
BBQ         [39]    
Seating        [39]     
Picnic Tables         [39]    
Public access toilets         [39]    
Park size         [39]    
Lack of space          [45]#   
Condition 
Overall maintenance  [41]           
Aesthetics 
Aesthetic Value  [41]           
Environmental diversity  [41]           
Meadows (% land area)        [42]     
163 
Treed areas (% land area)         [42]    
Number of trees >25         [39]    
High NDVI        [39]     
Tree canopy area        [39]     
Public art represent        [39]     
Safety 
Poor lighting           [45]#  
Lighting around courts, 
buildings, equipment 
        [39]    
Overall safety           [45]#  
Park surrounded by minor 
roads only 
       [39]     
Low speed roads (% road 
distance <50km/h) 
       [42]     
Overall traffic safety           [45]#* [40] 
Policy                      
 Dogs allowed               [39]      
2.      Characteristics of other POS 
Features 
Number of recreational 
facilities 
 [46]           
Number of playgrounds  [46]           
Presence of cycling paths  [46]           
Aesthetics 
Trees and overhead coverage  [46]1 [46]2          
Water feature  [46]           
Safety 
Lights near streets/path  [46]           
Policy 
Signage regarding dogs  [46] 1 [46] 2          
Signage restricting other 
activities 
 [46]           
Outcome = PA in POS unless reported otherwise: Veitch et al. (2016) [49]: outcome = “makes me want to be active”, 
a ranking exercise was performed and ten characteristics ranked highest were reported in the table; Timperio et al. 
(2008) [46]: outcome = MVPA in the weekend1 and MVPA after school2; Janssen et al. (2015) [42]: outcome = PA in 
leisure time outside of school; Reis et al. (2009) [45] reported “No engagement in park PA”, these results were 
transformed for clarity of the table and indicated with a (#); Thornton et al. (2017) [47]: outcome= self-reported MVPA 
after school and objectively measured overall MVPA; *= mixed results; PA = physical activity; POS = public open space; 
NDVI: Normalized Difference Vegetation Index (NDVI) = the number and size of tree canopies within or around the 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHAPTER 3.2.  
SOCIAL AND PHYSICAL ENVIRONMENTAL FACTORS INFLUENCING ADOLESCENTS’ PHYSICAL ACTIVITY 
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Abstract
Most previous studies examining physical activity in Public Open Spaces (POS) focused
solely on the physical environment. However, according to socio-ecological models the
social environment is important as well. The aim of this study was to determine which social
and physical environmental factors affect adolescents’ visitation and physical activity in
POS in low-income neighbourhoods. Since current knowledge on this topic is limited, espe-
cially in Europe, qualitative walk-along interviews were used to obtain detailed and context-
specific information. Participants (n = 30, aged 12–16 years, 64% boys) were recruited in
POS in low-income neighbourhoods in Brussels, Ghent and Antwerp (Belgium). Participants
were interviewed while walking in the POS with the interviewer. Using this method, the inter-
viewer could observe and ask questions while the participant was actually experiencing the
environment. All audio-recorded interviews were transcribed and analysed using Nvivo 10
software and thematic analysis was used to derive categories and subcategories using a
grounded theory approach. Themost important subcategories that were supportive of visiting
POS and performing physical activity in POS were; accessibility by foot/bicycle/public trans-
port, located close to home/school, presence of (active) friends and family, cleanliness of the
POS and features, availability of sport and play facilities, large open spaces and beautiful
sceneries. Themost important subcategories that were unsupportive of visiting POS and
physical activity in POS were; presence of undesirable users (drug users, gangs and home-
less people), the behaviour of other users and the cleanliness of the POS and features. Social
factors appeared often more influential than physical factors, however, it was the combination
of social and physical factors that affected adolescents’ behaviour in POS. Easily accessible
POS with high quality features in the proximity of adolescents’ home or school may stimulate
physical activity, if adolescents also experience a safe and familiar social environment.
PLOS ONE | DOI:10.1371/journal.pone.0155686 May 23, 2016 1 / 24
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Introduction
Regular physical activity has well-documented physical, mental and social benefits on adoles-
cent health [1, 2]. Despite these well-known benefits there has been a decline during the past
decades in physical activity levels of adolescents (12–18 years) worldwide [3–5] and in Flanders
(Belgium) [6, 7]. The low levels of physical activity reported in adolescents [3, 4] are even lower
in adolescents with low socio-economic status (SES) [6–10]. Adolescents with low SES have
reduced opportunities to be active with fewer recreational resources near home [11] and are
less likely to be a member of a sports club [6, 9, 12]. Moreover, adolescents with low SES experi-
ence more barriers to be active such as; high cost of activities, high safety concerns, less parental
support and more family responsibilities (e.g., looking after younger siblings) [13, 14].
According to ecological models of health behaviour, physical activity is influenced by individ-
ual, social and physical environmental characteristics [15]. The physical and social environment
where adolescents are active differs from that of children and adults. Adolescents aged less than
16 years are often restricted to the nearby neighbourhood due to their limited independent
mobility (restriction to visit a POS located far from home unaccompanied by an adult and in Bel-
gium the minimum age for driving a motorbike is 16 years) [16, 17]. However, adolescents have
more independence compared with younger children [16] and they tend to spend a lot of their
time outdoors with friends and family [18]. Considering these specificities of adolescents, public
open spaces (POS) may be a promising setting to promote adolescents’ physical activity [19, 20].
A POS is a public space with open access, that is accessible to all people independent of age,
ethnicity, physical limitations, or other characteristics [21–23]. Some POS are under public own-
ership and management whereas others are private property but freely accessible and, therefore,
also defined as a POS [23, 24]. POS can have different appearances such as parks, playgrounds
and squares, but also streets, vacant lots and parking lots. In previous years, research on the rela-
tionship between the physical environment and physical activity in adolescence has increased
[25–28], with studies reporting contradictory results on the importance of the accessibility and
availability of parks, recreational facilities, opportunities to exercise and physical activity facilities
[25, 28–32]. Some found no association [25, 28, 32, 33], whereas others found a positive associa-
tion between proximity to parks, availability of recreational facilities, opportunities to be active
and physical activity among youth [29–31]. These inconsistent results may indicate that other
POS characteristics such as specific physical features of POS (e.g., trees that provide shade), qual-
ity of features, and the social environment (e.g., use by friends) play an important role in deter-
mining whether or not adolescents visit and use a POS for physical activity.
Little is known about the specific characteristics of POS that influence physical activity in
adolescents. A previous study showed positive associations for the presence of trees providing
shade and presence of signs regarding dogs with adolescent girls’ leisure-time physical activity
in POS [20]. Most other research focused on one specific location such as parks or green space
[34–36]. Furthermore, little is known about the social aspects of POS that are related to adoles-
cents’ physical activity. Some research has focused on the social aspects of parks; park use by
friends was associated with park use among adolescents [35] and opportunities for social inter-
actions made parks more attractive for adolescent girls [34].
Besides physical activity in POS, active transportation (walking and cycling) could also con-
tribute to overall physical activity levels. Most adolescents’ trips to parks are performed by foot
or bike [17], and adolescents’ active transportation is positively associated with daily physical
activity [37]. Accordingly, POS that are attractive to visit may increase overall physical activity
levels (physical activity in the POS and active transportation to the POS).
Some previous studies included both factors of the physical and social environment [18, 36,
38–40]. However, the interplay between the social and physical environment remains unclear
Youth Physical Activity at Public Open Spaces: Critical Environmental Factors
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[18, 19, 35, 41, 42]. This may be due to the fact that these studies only included a few social
environmental factors (e.g., crime or park use by friends) and these factors were not context-
specific (i.e., they were not measured in the POS that were actually used). Limited research has
studied social and physical environmental characteristics of POS simultaneously and this has
not been studied yet in Europe. This indicates that there is need for more research on the physi-
cal and social characteristics of POS related to physical activity in adolescents.
Most research conducted in this area is quantitative survey research [20, 25, 27, 43]. However,
the importance of physical aspects of POS are difficult to measure quantitatively because they are
subject to various social factors and vice-versa. Qualitative research can provide more in-depth
information and the opportunity to gain insight in to which characteristics of POS influence visi-
tation, and how these characteristics may influence physical activity [15, 44]. Individual or focus
group interviews are often used for qualitative research [38]. However, this method requires that
the interviewee remembers all the impressions, experiences and events that happened in the POS
while he/she is not present in the POS. Consequently, it is difficult to obtain in-depth information
on the physical and social environmental context and information may be lost. Conducting inter-
views while walking within the POS (a walk-along interview), means that it is possible to study
participants’ interpretation of the POS while experiencing it and thus uses the advantages of both
face-to-face interviews and observations [44]. This methodology was previously utilized in a
younger age group (7-to-9-year-olds) by Loebach and colleagues, to capture children’s use and
perceptions of their neighbourhood [45]. This methodology creates an interplay between the
environment (both social and physical), the researcher and the participant which can lead to in-
depth information and new insights in the interplay between these environments.
This study used walk-along interviews in POS located in low SES neighbourhoods. The aim
of this study was to identify the physical and social environmental factors influencing adoles-
cents’ visitation and physical activity in POS located in neighbourhoods with low SES.
Methods
Participants and setting
Adolescents aged 12 to 16 years were recruited by face-to-face contact in POS in low SES
neighbourhoods through purposeful convenience sampling until saturation of information was
reached (final sample size = 30). When the participants agreed to participate, the interview was
immediately conducted at the POS where they were recruited. Participants were recruited from
thirteen different POS (3 squares, 2 skate parks, 6 parks and 2 sport fields/playgrounds) in
eight neighbourhoods. Streets, vacant lots and parking lots were also visited to recruit partici-
pants. However, at these POS no adolescents were found. The POS were selected based on the
advice of a youth worker and were located in three different Flemish cities (Brussels, Antwerp
and Ghent) which are located within a radius of 50 km from each other. The size of the POS
ranged from 507m² (square) to 190,760m² (park) with a mean area of 42,347m². Data collec-
tion was performed during daytime, on weekdays after school and on weekend days from July
to October 2014 in neutral to good (i.e., not raining) weather conditions.
Low SES neighbourhoods/communities were selected based on population density, unem-
ployment rates, welfare index and per capita income [46]. Population density (ranging from
6,920 inh/km² to 26,193 inh/km²) and unemployment rates (11%-36%) of the selected neigh-
bourhoods were higher than average city values. Per capita income (€10,767-€15,913) was
lower than average city values. The welfare-index ranged from 62–103. This is an indication of
the income of the neighbourhood/community compared to the mean income in Belgium, with
100 considered a good welfare. The percentage of people with a nationality other than Belgian
residing in the neighbourhood ranged from 22% to 46% [47–50].
Youth Physical Activity at Public Open Spaces: Critical Environmental Factors
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Because 12 to 16 year olds were interviewed on a non-sensitive topic, it was opted to obtain
an active consent from the participants and a passive consent from the parents or guardians
[51, 52]. Participants indicated their consent by signing an informed consent form after the
informed consent was read to them (to make sure all participants fully understood the written
consent), additionally verbal consent was also given and audiotaped. The parents or guardians
were given the opportunity to refuse participation of their children through a letter that was
given to the participants. Without refusal, consent was assumed. This consent procedure and
the research protocol for minors were approved by the medical ethics committee of the Univer-
sity Hospital of the Vrije Universiteit Brussel (BUN 143201420501) and the medical ethics
committee of the University Hospital of Ghent University (EC/068-2015/mf) referring to the
privacy act of December 8th, 2012 on the protection of privacy in relation to the processing of
personal data [53]. Informed consent was obtained from all participants and all participants
gave permission to use their quotes in research publications.
Procedure and measurements
The interview consisted of three consecutive parts which were all audiotaped. The first compo-
nent of the interview included questions that assessed demographics (age, sex, place of birth),
frequency of visiting a POS (in a usual week), duration of a usual visit, activities in POS, satis-
faction with number of POS in the neighbourhood, transport modes to POS, sport club mem-
bership and frequency of attending sport club and SES (parents’ jobs [54]). Participants were
defined as low SES when none of the parents performed a white collar job.
Second, questions assessing the social environment were asked. These open-ended ques-
tions are described in Table 1 and were used to prompt a conversation about the social envi-
ronment and to gain more insight and in-depth information on social context, modelling,
social networks and social trust and cohesion.
Third, a semi-structured walk-along interview was conducted in the POS where participants
were recruited. The participant and researcher walked through the POS while conducting the walk-
along interview. These walk-along interviews were conducted in Dutch and lasted 30–40 minutes.
Before starting the walk, the following instructions were read: “We are now on place X.We
would like to know more about the characteristics of this POS that encourage or discourage you
to visit this POS and about the characteristics that encourage or discourage you to be active at
this POS. First, you can tell us about the characteristics that are encouraging or discouraging to
visit, and secondly you can tell us about characteristics that are encouraging or discouraging to
be active. By physically active we mean all but sitting activities. This includes for example stand-
ing, playing games, doing sports, recreational activities or exercise. Think about the things that
are more or less pleasant, interesting or attractive to visit or to be active on this space.What
makes it fun to be here and to be active here? Also consider things that affect your feelings of
Table 1. Questions used to assess the social context.
Topic Questions
Social context With whom do you come here?, Are there gangs hanging around?, Is there a
lot of drug use?
Modelling [55, 56] Are your friends and family active?, Do your friends often ask to hang out?,
Are there lots of other people active here?
Social network [55, 57] Do you know lots of people in the neighbourhood?, Are there lots of other
adolescents to do things with?
Social trust and cohesion
[56, 58]
Are people around here willing to help their neighbours?, Is it a close-knit
neighbourhood?, Can people in this neighbourhood be trusted?, Do people
in your neighbourhood generally get along well?
doi:10.1371/journal.pone.0155686.t001
Youth Physical Activity at Public Open Spaces: Critical Environmental Factors
PLOS ONE | DOI:10.1371/journal.pone.0155686 May 23, 2016 4 / 24
178 
safety. This can include safety from traffic and safety from crime, but also safety of being injured.
Thus, think about all positive and negative things in this place that affect how you experience vis-
iting and being active. You are the expert and it is the purpose that you tell us freely about your
experiences, ideas and opinions, so that we can learn about the things in this POS that are
encouraging or discouraging for you to visit or to be active here. Therefore, we may ask some
additional questions to completely understand your experiences, ideas and opinions. All the
information gathered will be strictly confidential and will only be used for our research. All things
that you talk about, will be photographed. Is everything clear to you? As it is too difficult to write
down the complete interview, it will be tape recorded. Do you agree with this?”
When participants did not have the tendency to share experiences and opinions spontane-
ously, the interviewer stopped at regular (and random) moments during the walk and asked
the following questions: Are there characteristics that are encouraging or discouraging to visit,
or to be active? Think about the things that are more or less pleasant, interesting or attractive to
visit or to be active in this space.
Participants who completed the walk-along interview were also asked if they were willing to
complete a second interview at a POS that they do not usually visit to capture reasons for not
visiting that POS. This second POS was selected by the interviewer after consulting with the
participant and this second interview was conducted directly after the first interview. Seven
participants were willing to participate in this second walk-along interview.
Data analysis
Data from the first and second part of the interview were used to calculate descriptive statistics
in SPSS version 22. Qualitative data from the audiotaped walk-along interviews and the social
environmental questions were transcribed verbatim and analysed using Nvivo 10 software.
Data analysis was guided by a grounded theory approach, which consists of systematic, yet flex-
ible, guidelines for collecting and analysing qualitative data to construct theories from the data
[59]. First, the walk-along interviews were read carefully, followed by inductive coding and
assigning all mentioned physical and social environmental factors to subcategories. These sub-
categories were identified during the transcribing process based on frequently recurring
themes. Finally, these subcategories were grouped into more general categories (Table 2). The
assignment of the subcategories and grouping into categories was performed by two research-
ers (LVH and JVC) and disagreements were discussed until agreement was reached. For the
physical environment, the categories were named consistent with previous literature on charac-
teristics of parks associated with park use and physical activity [60, 61]. These categories
include accessibility and location, features, aesthetics, upkeep, safety and policy.
Qualitative research can be supported by using quantitative counts of the number of times a
certain topic was mentioned to indicate certain patterns or emphasize recurring themes. As
recommended by Sandelowski (2001), the following classifications for cited topics were used:
when a topic was mentioned by less than 25% of the participants it was referred to in the text as
“a few”, by 25%-50% it was referred to as “some”, by 50%-75% it was referred to as “many” and
by>75% it was referred to as “almost all” [62]. This approach has been used previously in
research with similar methodologies by Van Cauwenberg et al. [63].
Results
Descriptives
Descriptive characteristics of the sample are presented in Table 3. The sample (n = 30), aged
13.3 ± 1.1 years, consisted of 63.3% boys and 86.7% of the participants were born in Belgium.
All participants lived in an urban (>600inh./km²) or suburban (300-600inh./km²) [64] area
Youth Physical Activity at Public Open Spaces: Critical Environmental Factors
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Table 2. Overview of the physical and social environmental factors affecting visitation and physical activity in POS.
PHYSICAL ENVIRONMENT Mentioned by few/some/many/almost all participants
Categories Subcategories few some many almost all
Accessibility and location Close to home X
Close to other locations X
Presence of pubs and restaurantsa X
Well-known location X
Accessibility by foot, bike and public transport X
Features Natural features X
Man-made facilities X
Diverse facilities for all ages X
Aesthetics Beautiful scenery (nature and green) X




Upkeep of facilities and playing surfaces X
Physical aspects of safety Lighting X
Safety from being hurt (maintenance of facilities) X
Safety from traffic X
Secluded areasa X
Safety of accommodation for young children X
Policy Organized activities X
Secluded area for dogs X
SOCIAL ENVIRONMENT
Categories Subcategories few some many almost all
Social network Friends and family X
Nice atmosphere X
Knowing lots of people in the neighbourhood X
Other adolescents to play with/Social contact X
Other Users Behaviour of other usersa X
Ethnicity of other users X
Number of other users X
Social aspects of safety Undesirable usersa X
Presence of other people X
Safety at night X
Parents Habit (taught by parents) X
Rules from parents X
Privacy Privacy X
Modelling Active use by others X
Family active X
Friends active X
A few = topic mentioned by < 25% of participants, Some = topic mentioned by 25%-50% of participants, Many = topic mentioned by 50%-75% of
participants, Almost all = topic mentioned by >75% of participants.
All subcategories mentioned in the table were mentioned by the participants to encourage POS visitation and/or physical activity unless stated otherwise.
a Categories that were mostly mentioned to discourage POS visitation and/or physical activity.
doi:10.1371/journal.pone.0155686.t002
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and 62.5% of participants had a low SES based on occupation of both parents. Almost all par-
ticipants (86.7%) visited a POS at least once a week and stayed there almost 2.5 hours. The 
most reported activities in POS (boys and girls) were soccer and basketball. An overview of the 
activities that participants engaged in, is presented in Table 4. Many participants (66.7%) were 
satisfied with the number of POS in the neighbourhood. Transport modes used to travel to a
POS were walking (82.8%), bike/skateboard/rollerblade (31.0%) or public transportation
(24.1%). Only 10.3% of the participants indicated that they travelled to a POS by car. In this 
sample, 46.7% of the participants were members of a sport club and attended this club on aver-
age 3.6 times per week.
Part 1: Physical environment
Accessibility and location. Almost all participants mentioned at least one aspect of acces-
sibility of the POS where they were interviewed. POS located close to their home were visited 
more often than POS located further away. Almost all participants indicated that good access 
by foot, bike and public transportation was important for visiting a POS. Some participants
indicated that POS located close to other destinations such as schools, shops, the city centre or
Table 3. Descriptive statistics of the sample (n = 30).
Demographics
Age (years) (M ± SD) 13.3 ± 1.1
Girls (%) 36.7
Born in Belgium (%) 86.7
Occupation Father (%)
Blue collar worker 45.8
White collar worker 29.2
25.0No Principal occupation
Occupation Mother (%)
Blue collar worker 38.5
White collar worker 11.5
50.0No Principal occupation
Physical activity and POS use
86.7POS visitation at least once a week (%)
Average duration of stay on a usual visit at the POS (M ± 146.8SD) ± 90.2
Satisfi 66.7ed with the number of POS in neighbourhood (%)





46.7Active member of a sport club (%)
Frequency attending sports club (times/week) (M ± 3.6SD) ± 3.2
Social context





63.3Participants indicating drug use in the POS (%)
60.0Participants indicating gangs hanging around in POS (%)
doi:10.1371/journal.pone.0155686.t003
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a friend’s house were used more frequently because they like to combine multiple activities.
Additionally, well-known centrally located POS were easier to meet up with other friends. For
example, one 15-year-old girl said: “This is the park closest to my home and a lot of my friends
live nearby. This is the place where we meet up because it is close for everyone. . . . Sometimes we
go to those shops over there or we take the bus from here.” (Girl 1, 15 years)
The presence of shops nearby a POS was mentioned by a few participants as important, as
they would buy some food and drinks for a picnic at the POS. These shops were also important
as they provided the opportunity to buy drinks after being active. POS should not be too close
to a pub or bar because that would limit the possibilities to play, be active and make noise. “I
like it that there are many people here but I don’t want to bother them, they are eating and drink-
ing at the restaurants and pubs and I don’t want to disturb them.” (Girl 5, 15 years).
Features. Several kinds of features of POS were mentioned by the participants to attract
them to visit a POS and to encourage them to be active. These features were of natural origin
(e.g., ponds and water features, trees to climb, green space, slopes or paths) or man-made (e.g.,
play equipment, basketball rings, benches, BBQ spots, picnic shelters or toilets). Some partici-
pants mentioned large open spaces with some trees and grass as being important (Fig 1).
“What I like here are the trees and the grass to sit on, on a square you can’t sit on the ground or
do anything and here we can have a picnic and do lots of other stuff.” (Girl 4, 15 years). The size
of the POS was also important for adolescents who like to play sports, such as soccer or basket-
ball. “This is a large space, and in some parks there are too many trees and not much space to
play. It is not really supportive when there is a tree in the middle of the soccer field.” (Boy 2, 12
years). For adolescents who like to jog or cycle in POS, paths with slopes were perceived as pos-
itive because they increase the training intensity (Fig 2).
Playgrounds and sport fields were considered attractive features for adolescents to visit and
be active in POS (Figs 3 and 4). However, only the younger participants (12–13 years old) men-
tioned swings, slides, sandpits and wooden constructions as positive facilities where they can
play hide and seek, tag or invent their own games. Many participants (mostly boys) mentioned
sport fields and especially soccer fields as being important to encourage physical activity.
Table 4. Activities performed in POS by the participants.
Girls (n = 11) %(n) Boys (n = 19) %(n)
Dancing 9.1 (1) Baseball 5.3 (1)
Frisbee 9.1 (1) Climbing trees 5.3 (1)
Playground 9.1 (1) Fantasy games 5.3 (1)
Roller-skating 9.1 (1) Tennisa 5.3 (1)
Sledging (winter) 9.1 (1) Badminton 10.5 (2)
Sitting 9.1 (1) Playground 10.5 (2)
Tag 9.1 (1) Hide and seek 15.8 (3)
Talking with family 9.1 (1) Skateboarding 15.8 (3)
Ball games 18.2 (2) Tag 15.8 (3)
Basketball 18.2 (2) Jogging 21.1 (4)
Fantasy games 18.2 (2) Table tennis 21.1 (4)
Go for a walk 18.2 (2) Basketball 31.6 (6)
Jogging 18.2 (2) Soccer 78.9 (15)
Soccer 27.3 (3)
Participants were asked what kind of activities they engaged in when they went to the POS where the
interview took place. They could provide as many answers as they preferred.
a Tennis court was not available, therefore, they played tennis on the grass field.
doi:10.1371/journal.pone.0155686.t004
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However, sport facilities, such as badminton fields and table-tennis tables, were rarely used because
participants did not have the necessary equipment to use the facilities. Other amenities such as
water fountains, toilets, bicycle racks, sheds and tables encouraged adolescents to visit a POS.
Fig 1. Large open spaces with grass and some trees encourage adolescents to be active. Park van Vorst,
Brussels.
doi:10.1371/journal.pone.0155686.g001
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Above all, the diversity of the features and thereby the possibility to engage in many differ-
ent active and sedentary activities was important. Some participants also mentioned that they
liked facilities that were appropriate for multiple age groups, so that adolescents who have to
babysit their younger siblings can bring them to the POS.
Fig 2. Paths with slopes are encouraging to be active for joggers and cyclists. This was mentioned by the
participants because it increases the training intensity. Park van Vorst, Brussels.
doi:10.1371/journal.pone.0155686.g002
Youth Physical Activity at Public Open Spaces: Critical Environmental Factors
PLOS ONE | DOI:10.1371/journal.pone.0155686 May 23, 2016 10 / 24
184 
Aesthetics. Many adolescents mentioned aesthetics of the POS to be important to visit a
POS and to be active. The most important factor was the presence of nature and green. One
15-year-old girl said: “I usually come here to jog, and when a place is green and open it motivates
to be active. This is one of the reasons why I come to this park”. (Girl 1, 15 years). Many partici-
pants indicated that these green settings encourage them to be active. A few adolescents also
indicated that fresh air (produced by the trees in parks), singing of birds and insects they could
examine, encouraged POS visitation.
It was indicated by a few participants that more colours in POS would be good. Graffiti was
only accepted on a special graffiti wall or as a beautiful wall- or ground painting, not as “tags”
(Fig 5). Few participants said they liked historical elements in POS as a landmark (e.g., to meet
up at the big statue in the middle of the square). Furthermore, these historical elements (such
as statues and old buildings) were liked because they illustrate the historical background of the
city (Fig 6). A few adolescents said they liked to go to POS for rest and quietness, and other
adolescents reported that loud music would discourage them from visiting the POS.
Fig 3. Playgrounds are important for younger adolescents (12–13 year olds) for POS visitation and physical activity. Sleepstraat Ghent.
doi:10.1371/journal.pone.0155686.g003
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Upkeep. The cleanliness and upkeep of the POS were important for encouraging visitation
and physical activity in the POS. Many participants mentioned garbage lying around (as a
result of a lack of bins or full bins) (Fig 7), broken glass on the ground and illegal dumping of
litter as factors that would discourage their visitation and physical activity. This is illustrated by
a quote from a 14-year-old boy: “The refuse collectors should come more often to clean the park,
now there is garbage everywhere.We come here often for a picnic and there is only one bin
around here and it is always full. And because it is always full everybody just throws garbage on
the ground. The bin should be emptied more frequently and they should put a second bin some-
where over here.” (Boy 10, 14 years).
The maintenance of the facilities and amenities was also mentioned by some participants as
important for visiting the POS and being active. Maintenance of the surface of the playgrounds
and sport fields was also mentioned by some participants. A playground or sport field encour-
aged physical activity when the surface was made of appropriate materials (e.g., no sand or con-
crete on a soccer field), there were no dangerous objects lying around (e.g., glass or stones) and
when playing surfaces were even (no cracks). A 12-year-old boy mentioned: “Although there
Fig 4. Sport fields were mostly pointed out as important by boys to visit and be active. Kielpark Antwerp.
doi:10.1371/journal.pone.0155686.g004
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are soccer goals here, we don’t play soccer here. There is sand here and it is not easy to play soccer
on sand and there is garbage and glass on the soccer field and that is dangerous. Although there
are no goals on the grass and it is located on a slope, we prefer to play on the grass since it is better
maintained and there is no glass.” (Boy 2, 12 years).
Physical aspects of safety. Physical aspects that negatively affected adolescents’ feelings of
safety were insufficient lightning, poor maintenance of the facilities, too much traffic near the
POS, and secluded areas or paths. Safe facilities for young children was also mentioned to be
important by a few participants because many adolescents go to POS with their (younger) sib-
lings. For example, one 12-year-old girl said: “These stairs (with very high steps) here are too
dangerous for young children. I think that it is important because I don’t like it when my younger
siblings get hurt.” (Girl 2, 12 years).
Secluded areas and paths were perceived unsafe for a few participants and were often
avoided by adolescents. For example, a 13-year-old girl mentioned: “I like it here because it is a
large and open space and you can see everything that is going on. It is good if there are some trees
Fig 5. Ground paintings were perceived as attractive, unwanted graffiti as not attractive for visiting a POS. Bethlehemplein, Brussels and Rabotpark
Ghent.
doi:10.1371/journal.pone.0155686.g005
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but not too much otherwise it is too secluded.” (Girl 6, 13 years). Similarly, a 14-year-old girl
stated: “[. . .] it is open here, if something would happen, there will always be someone who
would see it and come and help.” (Girl 3, 14 years). The absence of sufficient road crossings,
Fig 6. Historical elements and statues were perceived by some participants as attractive to visit a POS.
Prinsenhofplein, Ghent.
doi:10.1371/journal.pone.0155686.g006
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traffic lights and cycle paths around the POS contributed to feeling unsafe in traffic and dis-
couraged POS visitation: “When I come out of the skate park, it is dangerous to cross the street
here, it is a street with lots of traffic. There are some road crossings here but it would be better
and safer if there were more. I think the cars would pay more attention.” (Boy 9, 14 years).
Policy. Activities that were sporadically organized at the POS were perceived as positive
for encouraging physical activity. These organized activities made it possible for adolescents to
engage in a variety of activities such as badminton, tennis, and bouncy castle with equipment
they do not have or cannot afford themselves and was perceived as a trigger to visit a POS and
be active. A secluded area for dogs was perceived as positive by a few participants (i.e., non-
dog-owners) whereas others preferred to let their dog walk around off-leash in the POS.
Part 2: Social environment
Social network. When asked with whom participants visited the POS, 71% indicated that
they usually visited it with friends, 46% with family, 14% said they usually visited the POS
Fig 7. Garbage lying around was perceived to be unsupportive to visit a POS. Rabotpark, Ghent.
doi:10.1371/journal.pone.0155686.g007
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alone and an additional 3% with an organization such as scouts. Almost all participants
attached great importance on the places where their friends and family (especially siblings)
were or wanted to go. When asked why they would go to a specific POS, many participants
answered: “Because this is where my friends are.” The importance of friends was illustrated by a
quote from a 12-year-old boy: “I find it really important that my friends are here, because every
time I come here alone it is so boring and then I have to wait and wait till my friends come.”
(Boy 3, 12 years). A 15-year-old girl stated: “I often run into people I know here, that really
attracts me to come here. Depending on who I encounter, I may do something active or not.”
(Girl 5, 15 years).
Social contact in the POS was also mentioned by some participants to be important for visit-
ing a POS and to be active. Almost all participants indicated that when they knew many people
in the neighbourhood they were more likely to visit a POS as they felt safer. More youth in the
POS to play with, was also perceived as positive by almost all participants. Therefore, POS not
often used by adolescents (e.g., a small playground with features for small children, mostly
used by mothers with young kids) were considered less attractive to visit and to be active.
Other users. The behaviour of other users (particularly adolescents older than 16 years)
was something mentioned by almost all participants and it appeared to be a deterrent for visit-
ing and being active in a POS. For example, “I like to play soccer but sometimes when we are
playing there are older kids who come here and they say we have to leave because it is their soccer
field and that is not nice. . . or sometimes they take our ball and throw it away. So when there
are older children here we go to another park with a soccer field so we can still play soccer.” (Boy
5, 12 years).
Few adolescents mentioned that they would prefer not to go to places where there may be
lots of people of a certain ethnicity, in order to avoid conflicts. “One week ago there were some
Bulgarian kids who wanted to play with us, but we said no and then it ended up in a fight. . . .
We don’t like to play together because lots of them use drugs and smoke.” (Boy 6, 13 years). How-
ever, another participant mentioned that the presence of people with different nationalities in a
POS attracts her to go there. Some participants also mentioned that too many people in a POS
would keep them from being physically active, implying that POS have to be large enough to
provide enough space for everyone.
Social aspects of Safety. Safety is an issue that is linked to all other factors of the social
environment and it was mentioned by all participants in some way. The feeling of safety was a
very important factor for visiting a POS, but of less importance for the activity level of the par-
ticipants. Feelings of safety were most affected by the presence of undesirable POS users. People
“acting weird”, using drugs or drinking, involved in criminal affairs or harassing others (gangs)
and homeless people discouraged almost all adolescents to visit or stay at a POS. “I think it is a
bit scary when there are people lying on the ground with booze. I don’t know why, it is just a feel-
ing I have. [. . .] There are also sometimes people doing drugs here. This is why I would not come
here in the evening and why I would make a detour when I am riding my bike instead of going
through the park.” (Girl 4, 15 years). Some participants mentioned a previous incident with an
undesirable POS user that made them leave the POS and in some cases they indicated never
using the POS again. “We often met up here in the park with friends, but one time there were
two men bothering us.We just took our stuff and went to my friend’s garden. Now we never go
to that park again.” (Girl 4, 15 years).
Participants seemed to be most affected by the undesirable users when there was actual
interaction. “There are often people doing drugs over there, but that has no influence on me, it
doesn’t bother me.However, when there are gangs hanging around it does bother me to come
here and to be active. Because they sometimes harass us, or most of the time, the girls.” (Boy 19,
14 years). Feeling unsafe in the presence of undesirable users was mostly mentioned by girls.
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The presence of these undesirable users made the participants feel unsafe, however, for a few
participants these feelings of insecurity were minimized when women with children or people
they knew were in the POS.
The idea of being alone in a POS in the evening or at night was scary for some of the partici-
pants: “I don’t think it is nice here in the evening, during the day there are many children and
people walking around, but I think that in the evening it gets really quiet here and that doesn’t
give me a safe feeling . . .When there are people and children around me I feel more at ease, it is
good to know that there is someone to go to if I would have a problem . . . At night there are peo-
ple sitting here on the benches and that is scary.” (Girl 4, 15 years).
Some adolescents pointed out that when they trusted the other users in the POS, when peo-
ple got along well and were willing to help, they felt safer, and therefore used the POS more
often.
Parents. Parents still play an important role in adolescents’ decisions concerning POS visi-
tation. A few of the participants said they go to one specific POS just because they were used to
go there with their parents when they were younger. Some participants had to ask permission
before going to a POS and were not allowed to go to a POS that was located too far away from
home or where parents perceived it to be unsafe: “We almost never go to the other place because
we heard bad things happen there and there are often groups of men hanging around, sometimes
taking drugs. That is why our parents do not allow us to go there. Only when it is totally empty
we can go there together with our family.” (Boy 7, 12 years).
Privacy. Privacy was an important issue for a few participants. Some of them especially
went to POS to have some time alone, away from their parents. POS offer a good alternative
(compared to sitting at home) for adolescents because at home it often gets crowded: “At home
we are always together and our house is not that big and it is always a bit crowded.When I come
to this POS, there are more people here but it is less busy than at home.” (Girl 5, 15 years). Few
of the participants indicated that small secluded places are good when they want to be in a
quiet place or alone with friends.
Modelling. Friends asking to hang out or do something together contributed to being
active for almost all of the participants. The activity level of parents was less important. “When
someone starts playing with the ball, everybody gets active” (Girl 6, 13 years) and “My friends often
ask to do something, today we went swimming. And when we go to the playground there are often
other boys to play with and then we can choose whether we play together or not. . . So when I come
here with friends we can ask others to join and when I am alone I can come here and make new
friends.” (Boy 3, 12 years). Active use of POS by others, was something that was perceived as sup-
portive by many adolescents for the atmosphere and to be active. “The park near my house is
always empty and when I look out the window I want to see people playing, running,moving . . .
and then I would want to go out immediately and play along.” (Girl 10, 14 years).
Discussion
The objective of this study was to investigate the physical and social characteristics of POS in low
SES neighbourhoods that affect adolescents’ POS visitation and physical activity in POS. Walk-
along interviews were used to obtain context-specific and detailed information. The results show
that there are different aspects of the physical and social environment that affect visitation and
physical activity in a POS. Moreover, there was a substantial overlap in factors that affect visita-
tion and physical activity in POS. Adolescents’ (active) use of POS was affected by the following
aspects of the physical environment: accessibility and location, features, aesthetics, upkeep, safety
and policy. The aspects of the social environment that affected adolescents’ (active) use included
the social network, presence of other users, safety, parents, privacy and modelling.
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During the analysis of the interviews it became clear that it is almost impossible to
completely separate the physical and social environmental factors that affect (active) use of
POS. This is supported by the ecological model of health behaviour, stating that several levels
influence physical activity [15], and that interactions exist between the different levels. For
example, some participants indicated that they thought it was important to have facilities for
the young and old (= physical environment) so that they can visit a POS with their siblings,
parents and grandparents (= social environment). The interplay between these environments
may exist in two directions: strengthen a positive or negative impact or counteract the impact.
For example, the impact of a positive physical environment (e.g., a POS with well-maintained
and age-appropriate features) can be reinforced with a positive social environment (e.g., lots of
other adolescents to play with), or the impact of a positive physical environment can be coun-
teracted when the social environment is unsupportive (e.g., adolescents feel unsafe because of
the presence of undesirable users). Whether physical or social environmental characteristics
dominate the decision to visit or to be active in a POS appeared to be strongly dependent on
personal experiences, beliefs and the specific purpose of visiting a POS. This indicates that
researchers should consider both physical and social factors of POS to generate a more com-
prehensive view on the characteristics that influence whether or not adolescents visit and use a
POS for physical activity.
Our results indicate that the social environment of POS may play a more important role
than the physical environment. The presence of other adolescents and friends encouraged POS
visitation and physical activity. This was also found in previous studies with younger adoles-
cents in the US (9–13 years and 12–14 years old [65, 66]). Consistent with previous literature,
the presence of other adolescents and friends and family who are physically active in a POS
encouraged adolescents to be active in POS themselves [40, 67]. The presence of others
(whether or not active) appeared more important than physical characteristics. This indicates
that POS with a positive social and physical environment should be created and that exclusively
investing in the physical attributes of POS may not be sufficient. Only a few participants men-
tioned organized activities in POS, possibly indicating that there are not many activities orga-
nized in the POS where the interviews took place. However, organized activities offer a good
opportunity to create a supportive social environment and to encourage low SES youth to be
active.
Our findings showed that accessibility (POS located close to home and easy accessible by
foot, bike and public transport) was important for choosing a POS to go to, due to limited inde-
pendent mobility of adolescents compared to adults. However, almost all participants men-
tioned that specific features (e.g., sport facilities) and social factors (e.g., friends) could
encourage them to visit a POS located further away. This finding could possibly explain the
inconsistencies found in previous literature concerning the relationship between accessibility
of POS and adolescents’ physical activity [25, 28–32]. Previous research has investigated the
POS closest to the adolescents’ home assuming that these are the most frequently used POS.
However, this study showed that POS located further, with a positive physical and social envi-
ronment may also be used. Although accessibility was not mentioned to affect physical activity
directly, a POS that is easily accessible by foot or bike can contribute to overall physical activity.
Our results revealed that many adolescents used active transportation to travel to a POS. This
is consistent with previous research which showed that active transportation was used most
frequently among youth to travel to a park [17, 68]. Moreover, adolescents’ active transporta-
tion is positively associated with daily physical activity [37]. Creating easy accessible and attrac-
tive POS can lead to higher amounts of active transportation to POS among youth and thereby
increase overall physical activity. Thus, total physical activity levels can be increased, even
when adolescents visit a POS to engage in sitting activities.
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The most frequently mentioned modifiable physical factors for visiting and active use of a
POS for both boys and girls were natural features, playgrounds (mostly younger participants)
and sport fields. However, the use of these sport fields and playgrounds may depend on the
type of sport and play facilities that are present, as some participants did not have the right
equipment to use these facilities (e.g., badminton racquets). Some physical attributes that
affected feelings of safety were linked to fear of getting hurt (e.g., poor maintenance of the facil-
ities). This was mostly mentioned by girls which is consistent with previous literature [38, 69].
In our study, participants indicated road safety (e.g., insufficient pedestrian crossings) was
important for POS visitation. In the review of Carver et al., no association was found between
road safety and physical activity in adolescents [70]. Fear from crime (for example caused by
secluded paths) was also mentioned, comparable with the results of the qualitative study con-
ducted by Ries et al. (2008) [38].
The social aspects of safety that affected adolescents visiting and being active in a POS were
undesirable users, number of other users and safety at night. The review of Carver et al. (2008),
on the influence of neighbourhood safety on physical activity in children (7–16 years), revealed
no association between stranger danger and physical activity [70]. This is in line with our find-
ing that undesirable users discouraged visitation, but were not mentioned to affect physical
activity in POS. Additionally, when mothers with children were present in a POS the negative
impact of the undesirable users could be counteracted, which indicates that a POS with facili-
ties for all ages can provide an environment where adolescents feel more safe.
Practical Implications
For youth living in low SES neighbourhoods, POS can provide opportunities to be active out-
doors. Urban planners and governments should try to create neighbourhoods with a positive
social and physical environment. Possible ways to create a supportive social environment are:
organizing events and activities in POS, providing sufficient lighting and no secluded places to
increase social control. POS should be easily accessible and facilities that require (expensive)
additional equipment (such as badminton racquets) should not be installed unless appropriate
equipment is provided. Features for all ages are important for adolescents, such that they can
visit a POS with friends and family. When designing a POS, both natural elements and sports-
and play features appropriate for multiple age groups should be included. A variety of features
that provide opportunities for different types of physical and social activities together with
additional amenities (such as toilets) should be incorporated in new POS. Additionally, we
found that adolescents also attach importance to POS with lots of colours (e.g., wall/ground
paintings) and landmarks (e.g., a statue). When renovating existing POS, monuments and col-
ours can easily be added. Furthermore, more attention should be paid by the city government
to the maintenance of the features and surfaces of sport fields as this was a key factor for physi-
cal activity in POS (mainly for boys).
Strengths and Limitations
The current study has some limitations that should be taken into account. First, this study tried
to include all kinds of POS like vacant lots, parks, squares, playgrounds, streets and parking
lots. However, interviews were only conducted in parks, skate parks, squares and sport fields/
playgrounds because no adolescents were found in other locations (vacant lots, parking lots,
streets). This possibly indicates that parks, skate parks, sport fields/playgrounds and squares
are the POS that are used most frequently by adolescents in Belgian cities. In addition, the
results were not analysed separately for each type of POS, therefore, it was not possible to deter-
mine if differences were observed for these different types of POS. Another limitation is that
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this research only focused on urban POS, and future research should include both urban and
rural settings to obtain a more complete overview. In addition, the interviews were only con-
ducted in neutral to good weather (i.e., not raining), and other characteristics of POS may be
important when the weather is poor (i.e., in winter months). Further, due to the qualitative
character of the research, it was not possible to define which aspect of the POS was most deci-
sive for adolescents to visit POS or for physical activity in POS.
Most previous studies have investigated the attributes of the POS closest to the adolescents’
home assuming that these are the most frequently used POS. However, adolescents may visit
other places and, therefore, it is important to investigate the environment that is actually used
by the adolescents. This problem is known as the Modifiable Areal Unit Problem (MAUP)
[71]. A strength of this study is that participants were interviewed in POS they frequently vis-
ited as well as POS they did not use. This way MAUP was avoided. Another strength of this
study is the methodology used. When indoor sitting interviews are used, it is often difficult for
the participants to recall specific details or perceptions of the environment. The walk-along
interviews provided in-depth and context-specific information of a POS and observations of
the participant whilst in the POS. This paper provides a detailed picture of all characteristics
important for adolescents living in low SES neighbourhoods for visiting and being active in
POS. Additionally, we examined the interplay between the physical and social environment.
Future research on the physical environment should take the social environment and the inter-
actions between the physical and social environment into account.
Conclusion
This research revealed that both physical and social characteristics of POS may affect adoles-
cents’ POS visitation and physical activity. Moreover, it is the combination of multiple factors
that affect adolescents’ behaviour in POS and social factors are often more influential. There-
fore, it is important for designers, urban planners and researchers to focus on physical as well
as social characteristics of POS. Our findings emphasize that the combination of multiple phys-
ical as well as social environmental characteristics of POS will define the attractiveness of a
POS to visit and to be active. This qualitative study is a good basis for further quantitative
research to examine the most important characteristics of POS, in order to create a supportive
environment for adolescents to be physically active.
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Background: Creating an environment supportive for physical activity could be a valuable strategy to 
increase physical activity at the population level. The purpose of this study was to understand the 
relative importance of park characteristics for park visitation and park-based physical activity among 
adolescents, using manipulated photographs of parks. 
Methods: Participants (n=1197) aged 13.4 ± 1.3 years (55.4% girls) were asked to perform two sets of 
ten choice-based conjoint tasks. For each choice task, a choice had to be made between two 
photographs of a park where ten characteristics were manipulated: naturalness, upkeep, the presence 
of walking paths, outdoor fitness equipment/playground, sport field, benches, drinking fountain, 
peers, mother with children and homeless person. In the first set of choice tasks participants had to 
select the park most inviting for visitation, in the second, they had to select the park most inviting for 
physical activity. Hierarchical Bayes Estimations were used to calculate (1) average utilities that 
represent the desirability of each level within a characteristic and (2) importance scores which reflect 
the effect each park characteristic had on the choice.  
Results: The results indicate that among the studied characteristics, park upkeep was the most 
important characteristic for park visitation and for park-based physical activity followed by the 
presence of playground/outdoor fitness equipment and sport fields.  
Conclusions: Policymakers should ensure that parks are well maintained, have sport fields and outdoor 
fitness equipment. Evaluation of such initiatives can confirm whether these park characteristics will 
influence actual adolescent park visitation and park-based physical activity. 
Key words: Active living, recreation, public open spaces, park design, adolescence  
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BACKGROUND 
Worldwide, the prevalence of overweight and obesity among adolescents rises continuously and 
overweight or obese adolescents are more likely to develop non communicable diseases such as type 
2 diabetes and cardiovascular diseases [1, 2]. Sufficient physical activity can prevent overweight and 
obesity [3] and has been shown to enhance adolescent health [4-6]. It is recommended that 
adolescents engage in 60 minutes of moderate-to-vigorous intensity physical activity (MVPA) daily in 
order to obtain these health benefits [7]. However, worldwide almost half of all adolescents do not 
meet these guidelines [8-10]. Moreover, there seems to be a steep decline in physical activity levels 
during the transition from childhood to adolescence [11] and these physical activity habits tend to 
track into adulthood (i.e. lower physical activity levels during adolescence can predict lower adult 
physical activity levels) [12]. Therefore it is important to promote adolescents’ physical activity at the 
population level.   
Socio-ecological models of health behaviour have emphasized the importance of the environment for 
physical activity [13]. Creating an environment that is supportive and inviting for physical activity could 
be a valuable strategy to increase physical activity levels at the population level. It has been shown 
that parks are settings within the environment that are suitable for physical activity [14]. Parks have 
been defined by the International Federation of Parks and Recreation Administration as: “open space 
areas, mostly dominated by vegetation and water, and generally reserved for public use. Parks are 
mostly larger, but can also have the shape of smaller pocket parks” [15]. Previous research has 
demonstrated that adolescents living closer to parks perform more total leisure time- and park-based 
physical activity [16, 17]. Moreover, parks are valuable and accessible places where people can 
socialize, experience nature and relax [18]. Especially for adolescents, neighbourhood parks can be 
important, as from the age of twelve, adolescents gain more independent mobility, compared to 
younger children, allowing them to travel to local destinations without adult supervision [19, 20]. 
Furthermore, parks can be a destination to visit by foot or bike [20, 21] and therefore have the 
potential to increase physical activity through active travel even if park users engage in sedentary 
behaviours after arriving at the park. Therefore research to better understand how to promote park 
visitation and park-based physical activity is needed.  
Worldwide, 54% of people currently live in urban areas and this number is expected to rise in the 
future, which will result in the expansion and densification of cities [22]. Within these cities, the 
amount of public and private green spaces is expected to decrease [23]. Haaland et al. (2015) proposed 
several strategies to ensure green space provision in densifying cities, such as providing green space 
on redeveloped sites and increasing the quality of existing green spaces [23]. In order to increase the 
quality of green spaces and parks, it is important to understand the most important park characteristics 
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related to park visitation and park-based physical activity. Additionally, urban planners and policy 
makers should be informed which characteristics to prioritize, as often there is a lack of funding for 
total park renovations.  
Previous research using qualitative methods has revealed several aspects of parks to be associated 
with adolescent park visitation and park-based physical activity, such as the presence of nature [24], 
well maintained facilities [25], sport and play facilities [26], large open spaces [26] and attractive 
scenery [26]. Additionally, quantitative studies have confirmed associations between park-based 
physical activity and activity settings (e.g., playgrounds, basketball courts, pool and water features) 
[27, 28], greenness [29] and other features such as a skate parks, walking paths, picnic tables and 
toilets [30]. However, experimental studies are needed in order to inform policies about which park 
characteristics are causally related to adolescent physical activity [31].  
Some natural experiments have been conducted in parks. However, natural experiments are still scarce 
[32]. A natural experiment examining park renovations in two US parks revealed that the park 
renovations (i.e. renovation of playfields for basketball and soccer, new fencing, landscaping, lighting, 
picnic benches, new soccer goals, a walkway around the field) significantly increased park visitation 
and physical activity levels at the playfields [33] and a paper on a natural experiment conducted in 
Australia indicated that the improvement of park features (i.e. installation of a walking path, fenced 
dog off-leash area, landscaping and a modest playground) led to increases in the number of park users 
and physical activity levels [34]. However, such natural experiments are difficult to conduct because of 
organisational and financial challenges [35].  
An alternative and cost-effective method to examine which park characteristics are most important to 
attract adolescents to visit and be physically active in parks is the use of virtual experiments (i.e. where 
virtual environmental changes are examined without actual changing the real park environment). 
Choice based conjoint (CBC) analysis is often used in virtual experiments [36-38]. CBC makes it possible 
to examine how people value different characteristics (e.g. park upkeep) of a product (e.g. a park) and 
to understand which characteristics are the most influential on participants’ preferences. Hence, CBC 
analysis provides information that can help decision making about which park characteristics to 
prioritize during park development/renovations with limited financial resources. Furthermore, within 
CBC analysis it is possible to systematically vary specific park characteristics (which is often not possible 
in park renewal projects), control other environmental characteristics (such as the weather) and 
present the studied product (parks in our case), in different formats such as written descriptions, 
photographs, or videos [39]. 
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Virtual experimental studies using CBC analysis have been conducted to examine older adults’ 
preferences for environmental park characteristics in the UK [36, 38] and to identify the relative 
importance of park features for adolescent park visitation in Australia [40]. These studies revealed that 
for older adults, nuisance (i.e. presence of youngsters hanging around, dog fouling, signs of vandalism), 
facilities (i.e. the presence of café’s, toilets) and the presence of trees and plants were the most 
important park characteristics [36, 38], whereas for adolescent park visitation, slides were the most 
important park characteristic followed by absence of rubbish and the presence of swings [40]. 
However, these three studies used a written description of the park characteristics, which implies that 
the participants had to imagine these park characteristics. This may have led to different 
interpretations compared to responses to photographed characteristics [41]. Responses to colour 
digital photographs have shown good validity in relation to on-site responses [41-43]. CBC analysis 
with manipulated photographs has previously been used to define the most important characteristics 
of streets for walking and cycling among children, adults and older adults [44-48].  
The purpose of this study was to examine the relative importance of specific park characteristics on 
park visitation and park-based physical activity among adolescents, using CBC analysis with 
manipulated photographs of parks. The results of this study will inform policy makers and urban 
planners on which characteristics to prioritize in park renovation projects, ensuring the right 
characteristics are present in parks as often there is a lack of funding for total park renovations.  
METHODS 
PARTICIPANT AND SCHOOL RECRUITMENT 
Participants were recruited from secondary schools and were asked to complete an online 
questionnaire and two sets of ten choice tasks with manipulated photographs. First, 103 schools 
(located within a feasible distance of the researchers home/university) in the province Flemish-Brabant 
(Flanders) were selected and asked to participate in the study (via email and one week later by 
telephone). 63 schools did not respond to the emails or telephone calls and thirty schools declined 
participation. The main reasons for not participating were: too many requests for research (n=11), not 
interested (n=10) and no time (n=9). Ten schools near Brussels were willing to participate (response 
rate=9.7%) and were asked to select at least two classes from grade one to grade four (ages 12-16). 
The number of classes that were selected to participate ranged from 3 to 15 per school and the number 
of adolescents per class ranged from 6 to 24. In total, 1335 adolescents were invited to participate in 
the study. Participants had to be between 12 and 16 years old and healthy in order to be included in 
the study. A priori power analyses were performed using Sawtooth Software, Inc. 2017© and indicated 
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that 300 participants were sufficient. However, this study was nested within a larger study which 
required more participants.  
STUDY PROTOCOL 
Schools distributed a plain language statement to parents 2-4 days before the data collection. This 
included a form which they could use to inform the school and researchers they did not give permission 
for their child to participate in the study (a passive consent form). Parents who did not return the form, 
gave their child permission to participate in the study. Active consent was obtained from the 
adolescents. This approach was selected because adolescents had to fill in a questionnaire on a non-
sensitive topic, and because the questionnaire was anonymous. This consent procedure and the 
research protocol for minors was approved by the medical ethics committee of the University Hospital 
of Ghent University (2016/0284) referring to the privacy act of December 8th, 2012 on the protection 
of privacy in relation to the processing of personal data [49]. One researcher (LVH) visited each class 
between September and November 2016. A slideshow presentation explained the purpose of the 
study, showed an example of the choice task and presented an overview of all manipulated park 
characteristics to ensure that participants clearly understood the park characteristics present in the 
photographs. Students were asked to fill out an online questionnaire with demographic questions, 
followed by two sets of ten choice tasks. On average it took 24 minutes to complete the questionnaire 
and the two sets of choice tasks.  
DEVELOPMENT OF THE PHOTOGRAPHS 
Before data collection, 6912 photographs of park characteristics were developed and manipulated on 
ten characteristics with multiple levels using Adobe Photoshop© software. These characteristics were 
selected, based on previous research [26] and literature [27, 30, 50-53] (Table 1 and Figure 1). For each 
characteristic, different levels were determined, for example the maintenance of the park was 
depicted in three levels:  poor, moderate or good. All photographs depicted the same park under fine 
weather conditions and differed in at least one manipulated level. After the development of the 
photographs and questionnaire, these were pretested in a group of adolescents (n=14, 11-16 years, 
13.1±1.6, 64.3% girls). The adolescents received a brief explanation about the study (similar to the 
explanation that was given to the participants) after which each question was read out loud by the 
researcher and clarity was discussed. All park characteristics in the photographs were discussed in 
group. After this pre-test, small adjustments were made to the questionnaire and the photographs to 
make it more understandable for this age group and to ensure the photographs were perceived by the 
adolescents as intended by the researchers.   
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Table 1: Characteristics manipulated in the photographs 
Characteristic Levels 
Naturalness: Plants and trees Some plants and trees present  
 Lots of plants and trees present 
Walking paths No walking paths present 
 Unpaved walking paths present 
 Paved walking paths present 
Upkeep  Poor maintenance (graffiti, trash, poorly maintained grass field)  
 Moderate maintenance (no graffiti, some trash, moderately maintained grass field) 
 Good maintenance (no graffiti, no trash, good maintained grass field) 
Outdoor fitness equipment/Playground No playground present 
 Playground for small children present 
 Outdoor fitness equipment present 
 Outdoor fitness equipment and playground for small children present 
Sport field No soccer/basketball field  present 
 Soccer/basketball field present 
Benches No benches present 
 Benches present 
Drinking fountain No drinking fountain present 
 Drinking fountain present 
Peers No other adolescents present in the park  
 Adolescents present in the park, sitting 
 Adolescents present in the park, playing soccer 
Mother with a child No mother with a child present 
 Mother with a child present  
Homeless person Homeless person present 


































The web-based questionnaire was developed using Sawtooth software (Lighthouse studio 9.2.0). In 
the first section of the questionnaire, participants were asked to complete items concerning 
demographics (age and sex), school (grade, type of education), height, weight, health (i.e. are you 
healthy enough to be physically active e.g., walking or soccer), residence (in the outskirts of a village, 
in the centre of a village, in the outskirts of a city, in the city centre), highest level of parental education, 
nationality and ethnicity (place of birth for themselves, mother and father). A foreign origin was 
defined as having at least one parent born outside of the EU15 as defined by the Flemish government 
[54]. Additionally, socio-economic status (SES) was assessed using the six item Family Affluence Scale 
(FAS, which mainly reflects material SES)  and the FAS score was calculated as follows: total score minus 
6; FAS score 0-6 = low SES, FAS score 7-9 = medium SES, FAS score: 10-13 = high SES [55].  
Park use was assessed using the following questions: frequency of visitation in the last three months 
(daily, 2-3 times/week, once/week; 2-3 times/month, once/month, < once/month, not visited in past 
3 months), average duration of visit in the last three months (<30 minutes, 30-59 minutes, 1-2 hours, 
2-3 hours, 3-4 hours, >4 hours), usual accompaniment to parks (alone, adult family members, 
siblings/nieces/cousins, friends, organised group, dog, other), activities usually performed in the park 
(sitting/laying down, standing, walking, biking, skating/BMX/roller-skating, ball sports, active games, 
jogging, yoga, exercising), transportation to the park (by foot, by bike/skateboard/longboard/roller-
skates, by car/motorbike as a passenger or by public transportation) and time taken to walk from home 
to the nearest park and to the park they visit most often (1-5 minutes, 6-10 minutes, 11-20 minutes, 
21-30 minutes, 30+ minutes, don’t know). These questions were previously used by Veitch et al. [56]. 
Physical activity levels were assessed with the FPAQ (Flemish Physical activity Questionnaire) which 
was previously used to assess adolescents’ physical activity [57-59] and has shown fair validity [60].  
In the second part of the questionnaire, participants were asked to perform two sets of choice-based 
conjoint (CBC) tasks, each with ten individual choice tasks. Participants were presented with two 
photographs of a park with different combinations of levels of characteristics as presented in Figure 2 
and 3. In the first set of tasks, participants indicated which park from the two displayed parks they 
preferred to visit (Figure 2), while in the second task, they were asked to select the park most 
supportive for physical activity (Figure 3). Prior to the first choice task, the following instructions were 
read to participants by the researcher: “Imagine that you are going to a park during the day on the 
weekend. The weather is ideal, it is not too warm, not too cold, there is no wind, and it is not raining. 
You will see two photographs of a park. Imagine that you know both parks and they are both close to 
your home. Please take your time to look at the photographs, and then select the park that is most 
inviting to visit. In total, you will be presented with 10 tasks where you have to choose the park you 
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prefer to visit. There is no right or wrong solution, we are just interested in what you consider to be the 
most important characteristics in a park.’’ Before the second choice task, the same instructions were 
given. However, this time participants were asked to select the park that was most inviting to be 
physically active. Physical activity was described as: “all activities except sitting and laying down, such 
as playing active games, walking the dog or sports such as soccer”. After each choice task in the second 
set of choice tasks (where they chose the park they preferred for physical activity), participants were 
then asked whether they would actually be active in that park (Figure 3). This extra question (further 
referred to as a no-choice option) was offered as it was hypothesized that participants could perceive 
the selected park as most inviting of both presented parks, but not inviting enough to be actually 
physically active in the selected park.  
For each set of choice tasks, the two photographs presented were randomly selected by the Sawtooth 
program. Two of the ten choice tasks in each set were fixed choice tasks. For these fixed tasks, the 
photographs were selected in advance and were the same for all participants (i.e. participants had to 
complete the same choice task twice). Consequently, it was possible to examine the test retest 
reliability of these tasks. Furthermore, the fixed tasks were used to evaluate the validity of the model 
by comparing participants’ responses to the fixed tasks with the responses predicted by the model.  
 
Figure 2: Example of choice task in the first set of choice tasks 
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Figure 3: Example of choice task in the second set of choice tasks 
DATA ANALYSES 
Descriptive statistics were calculated using IBM SPSS statistics 22. Differences between included and 
excluded participants were calculated using independent sample t-tests and chi²-tests. All analyses on 
the data obtained from the CBC analysis were performed using Lighthouse Studio 9.2.0 (Sawtooth 
Software). CBC analysis results in two variables; importance scores and part-worth utilities.  
First part-worth utilities were calculated. These represent the desirability of each level of a park 
characteristic and are similar to a regression coefficient. Part-worth utilities can be used to determine 
which level within a park characteristic is preferred. In order to present the data clearly, the part-worth 
utilities were zero-centered. Next, importance scores were calculated for each park characteristic using 
the utility scores gained from the Hierarchical Bayes analysis [39, 61]. These scores reflect the effect 
each park characteristic has on the choice with higher importance scores result in a higher impact on 
the choice. It is important to note that these importance scores represent the difference in average 
part-worth utilities between the least and the most preferred levels of that characteristic.  
Second, 95% confidence intervals were manually calculated in Microsoft Excel 2013 to compare part-
worth utilities and importances, with non-overlapping confidence intervals representing significant 
differences between importances and part-worth utilities within the same characteristic. The no-
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choice option that was included in the second set of choice tasks (active use of parks) was taken into 
account in the analyses. Additionally, the validity of the model was examined by comparing the 
predicted answers for the fixed choice task with the actual answer given by the participants. The 
percentage of agreement for the two fixed tasks (one for both sets of choice tasks) is presented and 
represents the percentage of answers that were correctly predicted by the model.  
RESULTS 
From the total sample that was invited to participate (n=1335), 10 adolescents were not willing to 
participate, 6 did not have parental consent, 38 participants were not healthy enough to be active, and 
84 participants were younger than 12 or older than 16 years. After removing these participants from 
the dataset, 1197 participants remained for analyses. First, test retest reliability was completed for the 
two sets of fixed choice tasks. This test showed good reliability with 90.4% agreement for the set of 
choice tasks about park visitation and 88.7% agreement for the set of choice tasks about park-based 
physical activity. After removing the participants who answered inconsistently on at least one set of 
choice tasks, 972 participants remained for analyses.  
Some differences were found between participants that were included in the study (n=972) and the 
excluded participants (n=225): included participants were slightly younger (13.3 vs 13.6; p<0.05), in a 
lower grade at school (64.4% vs. 56.4 % in first or second grade; p<0.05) and had a higher parental 
education (77.6% vs 67.1%, p<0.05) compared to excluded participants. Among the included 
participants, more adolescents had a Belgian ethnicity (64.4% vs 57.1%; p<0.05), complied to the 
physical activity guidelines (45.7% vs 32.3%, p<0.001) and were member of a sport club (67.9% vs 
59.8%, p<0.05) compared to excluded participants. 
DESCRIPTIVE STATISTICS  
The final sample (n = 972), was aged 13.3 ± 1.3 years, 54.0% were girls and 64.9% were in the first or 
second grade of the 10 secondary schools recruited. Almost all participants were born in Belgium 
(94.0%), but 35.6% had a foreign origin. In total, 77.6% had at least one parent with higher education. 
The FAS indicated that only 5.3% had a low SES, 30.9% medium SES and 63.8% high SES. Most 
participants lived in suburban or urban areas (89.5%), 45.7% of the participants complied with the 
guidelines of 60 minutes MVPA daily and 67.9% were members of a sport club. Excellent agreement 
was found when comparing the predicted answers for the fixed choice task with the actual answer 




Table 2: Descriptive statistics of the participants (n=972) 
Age (M±SD) 13.3±1.3 
Girls (%) 54.0 
Grade (%)  
1st 36.7 
2nd  28.2 
3rd 16.7 
4th  18.4 
Born in Belgium (%) 94.0 
Other ethnicity (%) 35.6 
Education parents (% at least one parent high educated) 77.6 




Living area (%)  
Rural 10.5 
Suburban  57.5 
Urban  32.0 
Meets physical activity guidelines (%)  45.7 
Member of sport club (%) 67.9 
% agreement between predicted and actual choice for set 1a 98.5 
% agreement between predicted and actual choice for set 2a 94.4 
a percentage for which the model correctly predicted the actual choice made by the participants 
Half of the of the participants (50.8%) reported to be regular park users in the past three months (at 
least 2-3 times a month) and most park visits lasted between 30 minutes and two hours (61.3%). During 
a park visit, participants were usually accompanied by friends (63.1%) and the most popular activities 
undertaken during a park visit in the past three months were walking (60.2%) and ball sports (43.4%). 
Most participants walked (70.6%) or biked (39.8%) to the park. More than 60% of the participants had 
access to a park within 10 minutes walking distance from home and 59.1% reported using the park 
closest to home most often (Table 3). 
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Table 3: Park use 
Park usage in the last three months % 
Never 13.0 
Less than once a month 19.1 
Once a month 17.1 
2-3 times a month 21.8 
Once a week 12.2 
2-3 times a week 10.8 
Daily 6.0 
Usual duration of a park visit in the last three months  
Less than 30 minutes 18.3 
30-59 minutes 33.6 
1-2 hours 27.7 
2-3 hours 11.6 
3-4 hours 4.4 
More than 4 hours 4.5 




Organised group 18.1 
Alone 14.5 
Dog  13.2 
Usual activities during park visit in last three months (multiple answers possible)  
Walking 60.2 
Ball sports 43.4 
Sitting/lying down 37.1 




Active games 14.7 
Exercising 11.6 
Yoga 0.9 
Usual transportation to parks in the last three months (multiple answers possible)  
Walking 70.6 
Biking 39.8 
Car/moped/motorbike as a passenger 24.9 
Public transportation (train, tram, bus, underground) 17.0 
Skateboard/long board/scooter 10.6 
Walking distance to closest park  
1-5 minutes 41.0 
6-10 minutes 22.9 
11-20 minutes 13.0 
21-30 minutes 4.9 
More than 30 minutes 8.0 
I do not know 10.1 
Closest park is the park that I use most often  (% yes) 59.1 
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RELATIVE IMPORTANCE OF THE PARK CHARACTERISTICS  
The relative importance of the park characteristics represents the relative magnitude of effect of 
each characteristic on the choice to visit a park or use it to be physically active.  
PARK VISITATION 
The most important park characteristic influencing the choice to visit a park was good upkeep (41.1%; 
95% CI = 40.3, 41.9). The presence of a playground/outdoor fitness equipment was the second most 
important characteristic (16.2%; 95%CI = 15.7, 16.6) while presence of a sport field was the third most 
important characteristic (11.6%; 95% CI = 10.9, 12.2). These were followed by the presence of (active) 
peers (6.2%; 95%CI = 5.9, 6.5), absence of a homeless person (5.9%; 95% CI = 5.6, 6.1 ) (not significantly 
different from the presence of peers and the presence of walking paths), presence of (unpaved) 
walking paths (5.8%; 95% CI = 5.6, 5.9), lots of naturalness (4.8%; 95%CI = 4.6, 5.1), presence of a 
mother with a child (3.3%; 95% CI = 3.2, 3.4), the presence of benches (2.7%; 95%CI = 2.6, 2.9) and the 
presence of a drinking fountain (2.4%; 95% CI = 2.3, 2.5) (Figure 4).  
 
Figure 4: The relative importance of park characteristics for park visitation. The importance of the presence of peers and the 
presence of a homeless person did not differ significantly from each other. The importance of the presence of a homeless 
person and the presence of walking paths did not differ significantly from each other 
PARK-BASED PHYSICAL ACTIVITY 
Similar to the results for park visitation, the most important factor for physical activity was upkeep 
(34.3%; 95%CI = 33.5, 35.0). This was followed by the presence of playground/outdoor fitness 
equipment (18.4%; 95% CI = 17.8, 19.0) and the presence of a sport field (14.1%; 95% CI = 13.4, 14.7). 
These were followed by the presence of (active) peers (9.4%; 95% CI = 9.1, 9.7), (unpaved) walking 
paths (5.7%; 95% CI = 5.5, 5.9), the absence of a homeless person (5.0%; 95% CI = 4.8, 5.3), lots of 
naturalness in the park (4.2%; 95% CI= 4.0, 4.5), presence of benches (3.4%; 95% CI = 3.2, 3.6) and 





















Average importances park visitation
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least important factor for park-based physical activity (2.6%; 95% CI = 2.4, 2.7) (Figure 5). Data from 
the no-choice option revealed that for 77.4% of the choice tasks, the participants would actually be 
active in the selected park. 
  
Figure 5: The relative importance of park characteristics for park-based physical activity 
PART-WORTH UTILITIES 
A part-worth utility represents the preference for a particular level within a park characteristic, relative 
to the other levels within this park characteristic. These values cannot be compared across park 
characteristics, only within one park characteristic.   
PARK VISITATION 
Part-worth utilities for each of the levels for each characteristic were significantly different from each 
other and the preferences were in the expected direction for the following characteristics: homeless 
person (a park without a homeless person was preferred), mother with a child (a park with the 
presence of a mother with a child was preferred), presence of peers (a park with physically active youth 
was preferred over a park with sedentary youth, which was preferred over a park without youth), 
drinking fountain (a park with a drinking fountain was preferred), benches (a park with benches was 
preferred), sport field (a park with a sport field was preferred), upkeep (a park with good upkeep was 
preferred over a park with moderate upkeep, which was preferred over a park with poor upkeep) and 
naturalness (a park with more trees and plants was preferred) (Figure 6).  
The presence of only outdoor fitness equipment and the presence of outdoor fitness and a playground 
did not differ significantly, but these were preferred over a park with only a playground which was 
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were preferred over parks with paved paths, which were preferred over parks without paths (Figure 
6).  
PARK-BASED PHYSICAL ACTIVITY 
Part-worth utilities for each of the levels for each characteristic were similar (i.e. the same levels were 
preferred) to the results for park visitation (see above) for following characteristics: homeless person, 
mother with a child, sport field, upkeep and naturalness. Part-worth utilities for each of the levels for 
playground/outdoor fitness equipment were significantly different from each other and the 
preferences were in the expected direction (a park with outdoor fitness equipment and a playground 
was preferred over a park with only outdoor fitness equipment, which was preferred over a park with 
only a playground, which was preferred over a park without playground or outdoor fitness equipment) 
(Figure 7).  
A park with youth who were active was preferred over a park without youth, which was preferred over 
a park with youth who were engaged in sedentary activities. A park without benches was perceived 
better for physical activity than a park with benches. No significant differences were found between a 
park with paved and unpaved paths, but these were preferred over a park without paths. No significant 







































































































































































































































































































































































































































































































































































































































































































































































































































The purpose of this study was to understand the relative importance of key park characteristics for 
park visitation and park-based physical activity among adolescents. First, our results revealed that 
upkeep was the most important characteristic for park visitation and physical activity among the 
characteristics that were included in this study. In an Australian study [40] using a similar methodology 
the absence of rubbish was found to be the second most important park characteristic for adolescents’ 
park visitation. Research from the USA also showed that parks with better maintenance had more 
adolescent visitors [51] and a previous qualitative study identified upkeep and maintenance as an 
important factor for Flemish adolescents’ park visitation and park-based physical activity [26]. Upkeep 
may influence park visitation and park-based physical activity through the effect on perceived safety, 
aesthetics or through the perception of garbage being dangerous for injuries [26]. In this study, upkeep 
consisted of three aspects that were manipulated: presence of graffiti, presence of trash and the 
maintenance of the grass. Therefore, it should be noted that in the photographs used in this study, 
upkeep was a very noticeable characteristic which could have led to a higher importance score. Low 
SES neighbourhoods are characterized by urban parks with worse maintenance and upkeep compared 
to urban parks in high SES neighbourhoods [62, 63]. Therefore, investing in good upkeep and 
maintenance of parks may not only increase park visitation and park-based physical activity but also 
minimize differences in park quality between neighbourhoods and thus reduce social inequalities [63, 
64]. 
A natural experiment conducted in Australia has reported significant increases in MVPA at the outdoor 
fitness zones and in the amount of park visitors in the outdoor fitness zone after installation of the 
outdoor fitness equipment and after twelve months of follow up [65]. Our results contribute to the 
existing literature, as this study revealed that the presence of playground/outdoor fitness equipment 
was the second most important characteristic for adolescent park visitation and park-based physical 
activity. For park visitation, no difference was found between a park with a playground and outdoor 
fitness equipment compared to a park with only outdoor fitness equipment. In other words, the 
playground did not add any additional value to the park for park visitation when outdoor fitness 
equipment was already present. However, if a more challenging playground would have been 
depicted, this may have led to different results [40] as the playground that was depicted in the 
photographs was designed for small children (i.e. a slide and a seesaw animal). For park-based physical 
activity, the presence of outdoor fitness equipment combined with a playground was perceived better 
than outdoor fitness equipment alone. One possible explanation for these results may be that a 
playground for younger children is not important when adolescents visit a park, but when they visit a 
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park for physical activity, a playground at the park could be more important to keep younger siblings 
occupied while they are physically active. This is consistent with previous qualitative research, where 
Flemish adolescents indicated playgrounds to be a positive feature for park visitation and physical 
activity and reported facilities for all age groups to be important so that adolescents who have to 
babysit their younger siblings can bring them to the park [26].  
A park with a sport field (soccer and basketball) was preferred over a park without a sport field. This 
was no surprise since 40% of the participants in this study reported to have used a park for ball sports 
in the past three months. Moreover, this is in agreement with most previous research among 
adolescents [27, 56]. However, an Australian study using CBC with written descriptions of parks, 
reported a basketball area to be ranked at 7th place of importance (out of the 10). These differences in 
results may be due to other park characteristics that were included in that study (e.g. swings, BMX 
tracks/skate bowl), the written description instead of photographs that was used, the study sample 
(60% girls) and cultural differences between Australia and Belgium [40]. 
It has been shown that peers can influence adolescents’ physical activity behaviour [66-68], park use 
by friends and family can predict adolescent park use [69] and qualitative research has indicated that 
adolescents often need peers to play together on the courts [25]. Our study showed that when 
adolescents go to a park for physical activity, they prefer a park where other adolescents are active 
over a park where no adolescents are present. These two situations (presence of active adolescents 
and no adolescents present) were chosen over a park where other adolescents were sitting down. This 
is a novel insight as previous research only investigated the presence of other adolescents [26, 52], 
without taking into account the activity level of the adolescents (i.e. physically active or sedentary). 
This result could possibly be explained by peer modelling, i.e. when adolescents see peers being 
sedentary/physically active they may imitate peer’s behaviour. However, a systematic review 
concluded peer modelling not to be related to physical activity levels among adolescents (however it 
was noted that this could be due to measurement errors) [70]. This result implicates that parks should 
provide opportunities for adolescents to engage in physical activities together with peers.  
Surprisingly, adolescents preferred a park without benches when visiting a park for physical activity. 
Previous qualitative research led to the hypothesis that a park with benches would be preferred 
because of the opportunity to alternate between physical and sedentary activities and to rest after 
being physically active [26]. A possible explanation for these findings could be that benches invite 
adolescents to sit rather than to engage in physical activity and are therefore perceived as deterring 
park-based physical activity. Contrary to expectations, participants preferred unpaved paths over 
paved paths for park visitation. It was hypothesized from previous research that paved paths would be 
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preferred, as these are suitable to ride a bike or skates [26]. This finding could be due to unpaved paths 
being associated with slow traffic and are therefore perceived safer, or because unpaved paths are 
better for jogging or have a more natural appeal.  
Only few differences between park characteristics important for visitation and for physical activity 
were found. Sedentary peers were preferred over no peers for visitation, whereas for physical activity 
no peers were preferred over sedentary peers. A park with benches was preferred for visitation 
whereas a park without benches was preferred for physical activity. A park with a drinking fountain 
was preferred for visitation, whereas for physical activity there was no significant difference between 
presence or absence of a drinking fountain.  Unpaved walking paths were preferred over paved walking 
paths for visitation, whereas no differences were found in preferences between paved and unpaved 
walking paths for physical activity. However, these small differences indicate that it is important to 
investigate these two outcomes separately and that some characteristics may increase park visitation, 
while decreasing physical activity levels in the park.  
As there is often a lack of money for total renovations or new park constructions, results of the present 
study are of great importance for policy makers and urban planners. They may provide a way for policy 
makers to support decisions and set priorities concerning park renewal and design. The present 
research indicated that the removal of graffiti, intensive and regular maintenance and the provision of 
sport fields and playgrounds/outdoor fitness equipment may be a good strategy to improve the 
attractiveness of existing and new parks for adolescents.  
STRENGTHS AND LIMITATIONS 
The distinction between two outcomes (park visitation and park-based physical activity) was a major 
strength because these different behaviours can be influenced by different park characteristics. 
Another strength was the inclusion of some social characteristics such as the presence of peers, a 
homeless person or a mother with a child. It has been shown that social characteristics influence the 
attractiveness of a park and are often neglected in research concerning park characteristics. The 
systematic randomisation of the park characteristics within the photographs was another strength of 
this study which cannot be achieved using real life experiments. Additionally, by using manipulated 
photographs it was possible to control variation within and between environmental characteristics and 
standardize for other influencing factors such as the weather.  
The first limitation of this study is that no actual behaviour was studied, only preference for visiting or 
being active in a park. However, the no–choice option revealed that in 77.4% of the choice tasks the 
participants reported they would actually use the park for physical activity. This result indicates a high 
applicability of the reported results. Additional real-life experiments are needed to examine whether 
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changing the most important park characteristics identified in the present study will lead to actual 
increases in park visitation and physical activity among adolescents. A second limitation of this study 
was the inclusion of only ten park characteristics. In real life, a park visitor will be influenced by more 
than ten characteristics. However it was not possible within this study design to include more park 
characteristics, as the inclusion of more park characteristics would have led to more choice tasks 
needed and would have increased participant burden. The characteristics included in this study were 
carefully selected based on previous research [26] and literature [27, 30, 50-53], however, the 
selection of other park characteristics (such as trees providing shade or signs concerning dogs in the 
parks [71]) could have led to other results. A third limitation was that by using photographs, only a 
small part of a park can be depicted, some characteristics are depicted more central than others, it is 
possible that more cognitive-based answers were given instead of emotional preferences and a 
different depiction of the same characteristic could have led to different results. A fourth was that, it 
is not possible to include park characteristics related to sound, such as quietness, and previous 
research has indicated quietness to be important for park visitation [26, 71]. These limitations of using 
photographs could be avoided in future research by using virtual reality or videos, which possibly elicit 
more emotional or affective relations that may be of importance. The fifth limitation was the 
homogeneity of the sample as more than 60% had high SES. Additionally, both questions (park 
visitation and park physical activity) yielded similar results with only minor (but important) differences. 
This could be caused by adolescents mainly using parks for (some kind of) physical activity or by 
participants not being able to distinguish between both concepts.   
RECOMMENDATIONS FURTHER RESEARCH 
Not many differences were observed for the relative importance of park characteristics for park-based 
physical activity compared to the characteristics important for park visitation. However, we 
recommend further research keeps these two behaviours separate as these behaviours may be 
influenced by different (combinations of) park characteristics. Future research should continue to 
consider the use of CBC analysis as this provides many advantages (e.g. low cost, possibility for 
randomisation of park characteristics) compared to traditional questionnaire research or natural 
experiments. However, other park characteristics that influence park visitation and physical activity 
could be included such as trees providing shade, signs concerning dogs in the parks, the size of the 
park and park access [71]. Moreover, this novel method should be elaborated and future studies 
should examine the possibilities of virtual reality to create a more realistic experience which 
participants are exposed to. Next to these virtual experiments, there is need for natural experiments 
to confirm the results of the virtual experiments.  
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CONCLUSION 
We can conclude from the results of this study that parks with good upkeep and adequate 
playgrounds/outdoor fitness equipment and sport fields are preferred for adolescent park visitation 
and physical activity. Natural experiments should be conducted to confirm whether better upkeep and 
maintenance and the presence of sport fields and playgrounds/outdoor fitness equipment influence 
real-life park visitation and park-based physical activity among adolescents.  
LIST OF ABBREVIATIONS 
CBC: Conjoint based choice 
CI: Confidence interval 
EU: European Union 
FAS: Family affluence scale 
FPAQ: Flemish Physical Activity Questionnaire 
MVPA: Moderate- to vigorous-intensity physical activity 
SES: Socio-economic status  
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This doctoral thesis aimed to (1) provide an overview of current physical activity levels among 
European youth, (2) gain insight into the use of public open spaces in Flanders (Belgium), (3) 
examine the environmental characteristics of public open spaces associated with adolescents’ 
public open space visitation and physical activity and (4) develop an experimental study using 
manipulated photographs to identify the most important park characteristics inviting 
adolescents to visit and be physically active in parks. First an overview of the main findings is 
given, followed by a discussion of the results and the strengths and limitations of the included 
studies, finally practical implications and recommendations for further research are given.  
1. SUMMARY OF THE MAIN RESEARCH FINDINGS 
 
The first aim of this doctoral thesis was to provide an overview of the current physical activity 
levels among European youth (0-18 years). Therefore, a systematic literature review was 
performed (Part 2: Original Research: chapter 1.1). In line with recent trends, across all 
countries, boys had higher physical activity levels than girls and children (0-12 years) had 
higher physical activity levels than adolescents (12-18 years). Furthermore, in most European 
countries, less than half of the participants complied with the physical activity 
recommendations, regardless of the measurement method that was used. Moreover, when 
subjective measurement methods were used, large differences were found between 
European countries, ranging from 5% to 47% of the participants complying with the physical 
activity guidelines. Also, when minutes of moderate-to vigorous-intensity physical activity 
were measured using accelerometers, large variation in physical activity levels between 
studies was observed.  
The variety in outcome measures, the diversity of measurement methods (i.e. questionnaires, 
accelerometers and ecological momentary assessment) and measurement properties (e.g., 
five different cutpoints were used to define moderate- to vigorous-intensity physical activity 
among children) made comparisons between studies nearly impossible. The large variation in 
physical activity levels may have been caused by these methodological issues, however, they 
could also reflect true differences between European countries. Therefore, a pan-European 
surveillance system including standardized methods and outcomes is needed. Such a 
surveillance system is essential for the development and evaluation of environmental 
interventions and can inform new policies and strategies to promote physical activity.  
233 
The low levels of physical activity among adolescents that were identified in chapter 1.1. (Part 
2: Original Research) emphasize the need for the development of interventions and strategies 
to promote physical activity among adolescents. Public open spaces can be a location suitable 
for physical activity. Therefore, the second aim of this doctoral thesis was to gain insight into 
adolescents’ use of public open spaces in Flanders (Belgium). In a first study (Part 2: Original 
Research: chapter 2.1), it was found that most of the observed park users were adult, male 
and Caucasian. Almost half of all observed park users were observed while engaged in 
vigorous-intensity physical activity, one in four park users was observed while engaged in 
moderate-intensity physical activity and one in four park users was observed while engaged 
in sedentary activities. The activities in which park users were observed most frequently 
included biking, sitting, walking and playing. Remarkably, during more than half of all 
observation moments, the park areas were empty. When studying the associations of 
temporal variables and park areas with the number of park users observed in the parks, no 
differences were found in the number of park users during the weekend compared to 
weekdays. Parks were used least often during the morning and trails were the most frequently 
used park area followed by grassy fields with playgrounds. Additionally, it was found that trails 
were the park areas used at highest estimated energy expenditure. Further research is 
warranted in order to confirm these preliminary findings. 
A second study (Part 2: Original Research: chapter 2.2) revealed that three out of four 
adolescents used a public open space on the days that were included for analysis. Among the 
public open space users, on average 1.8 ± 1.2 public open space visits were registered per day. 
More than half of all public open space visits were done in the company of friends/classmates 
and 70% of all public open space visits was located at a public transportation stop/station. 
Subsequently, the most frequently mentioned reasons for public open space visitation were 
to wait for something/someone (e.g., train) or because friends/classmates/siblings/cousins 
wanted to go to that location. Participants with a non-western-European ethnicity (compared 
to a western-European ethnicity) and those enrolled in technical education (compared to 
general education) were more likely to spend time at public open spaces. Public open space 
visits lasted longer when adolescents were accompanied by siblings. During public open space 
visits, boys engaged in more minutes of moderate- to vigorous- and vigorous-intensity physical 
activity compared to girls.  
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The third aim of this study was to identify the environmental characteristics of public open 
spaces associated with adolescent public open space visitation and physical activity. A 
systematic literature review was performed with the aim to gain deeper insight into the 
specific physical characteristics of outdoor public open spaces associated with adolescents’ 
public open space visitation and physical activity (Part 2: Original Research: Chapter 3.1). The 
systematic literature review focussed on qualitative and quantitative studies examining 
associations of public open space characteristics with public open space visitation and physical 
activity. The presence of walking paths, playgrounds and sport fields was positively associated 
with public open space visitation and physical activity whereas aesthetics and safety seemed 
to be less important for public open space visitation and physical activity. Additionally, the 
systematic literature review revealed that many different methodologies were used across 
studies and that the majority of the studies focused on parks (and not public open spaces in 
general).  
Secondly, a study (Part 2: Original Research: chapter 3.2) using walk-along interviews revealed 
that physical environmental characteristics including accessibility and location, features, 
aesthetics, upkeep, safety and policy-related characteristics were important for public open 
space visitation and physical activity among adolescents. For example, large open fields with 
some trees, playgrounds and sport fields were important features for public open space 
visitation and physical activity. The social environmental themes that emerged from this study 
were social network, other users, safety, parents, privacy, and modelling. For example, 
participants indicated to attach great importance to the public open spaces where their 
friends were or wanted to go and to the possibilities for social contacts at public open spaces. 
On the other hand, public open spaces were also identified by the participants as places where 
they could have some time alone, away from their parents and were, therefore, important 
places for privacy.  
The fourth and last aim of this doctoral thesis was to develop an experimental study using 
manipulated photographs to identify the most important park characteristics inviting 
adolescents to visit a park and be physically active. Therefore, a study using digital 
photographs and CBC analysis was performed (Part 2: Original Research: chapter 4.1). This 
study revealed that among adolescents, the most important park characteristics for park 
visitation and physical activity were maintenance, followed by the presence of 
playground/outdoor fitness equipment and a sport field.   
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2. OVERALL DISCUSSION  
2.1. PHYSICAL ACTIVITY LEVELS AMONG EUROPEAN ADOLESCENTS  
As highlighted in the general introduction, adolescents should engage in at least 60 minutes 
of moderate- to vigorous-intensity physical activity daily in order to obtain health benefits [1]. 
Moreover, evidence suggests that physical activity levels should be even higher to prevent 
clustering of cardiovascular disease risk factors [2]. Therefore, the low levels of compliance 
with physical activity guidelines across Europe observed in the systematic literature review in 
chapter 1.1 are alarming. Such low levels of compliance with physical activity guidelines have 
also been observed in previous research studying adolescent physical activity levels worldwide 
and in Europe [3-5].  
The overall conclusion of the systematic literature review conducted in chapter 1.1 was that 
there is an urgent need for a pan-European surveillance system combining objective and self-
report physical activity data. These conclusions are similar to the conclusions of a report 
published by the World Health Organisation on physical activity levels in Europe in 2010 [3] 
and a review by Ekelund et al. in 2011 [4] and indicate that not much progress has been made 
in the development of such a surveillance system ever since. Additionally, our review 
confirmed previous research that concluded that physical activity levels tend to decline in the 
transition from childhood to adolescence [6-8], boys tend to be more active compared to girls 
[8-10], and highlight the need for interventions and research in this age group.  
2.2. THE USE OF PUBLIC OPEN SPACES IN FLANDERS (BELGIUM) 
Public open spaces are present in almost all neighbourhoods and can be an important location 
for adolescents’ physical activity [11]. At the start of this PhD, not much was known about the 
use of public open spaces in Flanders (Belgium) nor in Europe. Therefore, is was necessary to 
gather basic information about who uses public open spaces, which specific public open space 
locations are used, which activities are performed at public open spaces, who public open 
space users are accompanied with and when public open spaces are used.  
2.2.1. WHO USES PUBLIC OPEN SPACES IN FLANDERS (BELGIUM)?  
It is important to gain insight into the individual characteristics of public open space users in 
order to develop interventions that are tailored to subgroups with low levels of public open 
space use. Our studies indicated that public open spaces are more often used by lower 
educated adolescents and those with a non-western-European ethnicity. Boys tended to be 
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more active at public open spaces and with increasing age, adolescents tended to engage less 
in vigorous-intensity physical activity at public open spaces. 
Our results indicated that parks are more often used by males across all age groups and 
specifically by adolescent boys compared to girls. Additionally, boys were more likely to 
engage in moderate- to vigorous- and vigorous-intensity physical activity at public open spaces 
in general. Similarly, a previous Danish study using GPS devices and accelerometers, reported 
that during leisure time, 11- to 16-year-old boys spent significantly more time outdoors, at 
sports facilities and at other outdoor locations and more time in moderate- to vigorous-
intensity physical activity at sport facilities, at school grounds and at other outdoor places 
compared to girls [12,13]. Our study adds to this literature by including all types of public open 
spaces and by making a distinction between different physical activity levels. Previous 
research [8-10] and the review included in chapter 1.1 have shown that boys have higher 
overall physical activity levels compared to girls. Therefore, girls have been identified as a 
group at risk for physical inactivity. Our studies have shown that these gender differences are 
also manifested at public open spaces and highlight the need for research on how to create 
public open spaces attractive for adolescent girls to visit and be active at public open spaces. 
Currently, most of the facilities present at public open spaces are targeting competitive team 
sports such as basketball or soccer [14,15]. However, adolescent girls engage mainly in 
individual, non-competitive activities such as dancing or running or group activities with the 
focus on fun, such as netball [16-18].  
Ethnicity has been identified as a factor associated with total physical activity levels among 
adolescents in a previous systematic literature review, where white adolescents had higher 
total physical activity levels compared to all other ethnic groups [9]. However, a more recent 
review concluded that evidence concerning this association was inconclusive [10]. To our 
knowledge, no previous research has studied the association between public open space use 
or physical activity at public open spaces and ethnicity. Our study using GPS devices and 
accelerometers (chapter 2.2), indicated that adolescents with a non-western-European 
ethnicity spent more time at public open spaces compared to western-European adolescents. 
This could indicate that different cultural habits exist concerning public open space use among 
adolescents or that socio-economic differences between ethnic groups lie at the base of these 
differences [19]. These are very important results, as non-western-European adolescents are 
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often hard to reach for interventions, are less attracted to traditional sport clubs [20] and are 
at risk for physical inactivity [9]. Our results support the development of physical activity 
initiatives at public open spaces in order to reach this minority population. Such initiatives, 
called “Neighbourhood sports” (= Buurtsport) are already being implemented in some cities 
and municipalities in Flanders (Belgium) [21]. These include activities organized in the local 
neighbourhoods (in streets, parks, squares), with the aim to create easy accessible alternatives 
for sport clubs and increase physical activity levels among the people living in the 
neighbourhood. Moreover, these neighbourhood sport initiatives are also used as a means to 
increase integration of minority youth into society [21]. 
In chapter 2.2, it was found that participants with technical education were more likely to 
spend time at public open spaces compared to adolescents enrolled in general education. 
These results are consistent with previous Australian research among adults, where park users 
had lower educational qualifications compared to non-park users [22]. These findings have 
important social relevance as people with low educational level and low SES are at risk for low 
levels of physical activity [23].  
2.2.2. WHICH PUBLIC OPEN SPACE LOCATIONS ARE USED? 
Previous research has highlighted the need for tailored interventions that take the context of 
physical activity into account [24]. Therefore, it was needed to identify the public open spaces 
that are currently used and where physical activity is accumulated. In chapter 2.2, public 
transportation stop/stations were identified as the public open space locations that were used 
most often among Flemish adolescents (71% of all public open space visits). This could indicate 
that Flemish adolescents often use public transportation to travel to destinations. However, 
the high number of public open space visits at a public transportation stop/station may have 
influenced our results. When the public open space visits that took place at a public 
transportation stop/station were not taken into account, 32.4% of public open space visits 
were located at streets; 18.5% at parking lots; 12.0% at squares; 11.1% at a shopping street, 
10.3% at a playground or sport field, 10.2% at parks, 4.6% at a shopping centre and 0.9% at a 
vacant lot. Remarkably, a high number of POS visits was located at parking lots. This could 
have been caused by the fact that adolescents often had to wait at a parking lot for their 
parents to pick them up by car, as emerged from the one-on-one interviews. Furthermore, 
these results indicate that parks, squares and playgrounds/sport fields are not very often used. 
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Likewise, the parks in the observational study (chapter 2.1) were only used in 42% of the 
observations.  
Furthermore, we found that trails and grassy areas with a playground were used by more park 
users compared to densely wooded areas and that trails were the park areas used at highest 
physical activity intensity (chapter 2.1). Additionally, the interviews in chapter 3.2 revealed 
that secluded areas (such as densely wooded areas) contribute to adolescents feeling unsafe, 
which could be an explanation for the low usage of these areas. In previous studies from the 
US, most park users and highest activity levels were observed on sport fields and playgrounds 
[14,25] (no sport fields were present in the parks included in the study in chapter 2.1). 
Additionally, it has been shown that activity areas such as basketball fields and soccer fields 
were used by more park users compared to activity areas for sports that require less 
participants such as tennis and demand specific sport material (e.g., a tennis racquet) [25]. 
These results showed that different areas within public open spaces have the ability to attract 
more or less visitors or elicit different activity levels.  
2.2.3. WHICH ACTIVITIES ARE PERFORMED AT PUBLIC OPEN SPACES? 
In chapter 2.2, a one-on-one interview was used to obtain information on the activities 
participants engaged in while being at public open spaces. During this interview a personalized 
map was used with the locations that were visited in the past days (measured with a GPS 
device). Hanging around was the most frequently reported activity, this was done mostly while 
standing, walking or sitting. This was consistent with a previous study where adolescents 
reported ‘hanging out with friends’ to be the most performed activity during leisure time [26]. 
Ball sports were the most frequently reported physical activity (besides walking), but these 
were only engaged in during 6% of the public open space visits (when all public open space 
visits that were located at a public transportation stop/station were not taken into account, 
adolescents engaged in ball sports during 9% of the public open space visits). In chapter 4.1, 
adolescents were asked which activities they performed during park visits in the past three 
months. Walking, ball sports and sitting/lying down were reported most often. However, in 
chapter 2.1, most park users were observed biking (38%) (probably using the park as a route 
to travel to another destination). Other activities that were observed were sitting (23%), 
walking (15%), playing (7%), or walking the dog (5%).  
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Overall, the results indicate that park visits are mostly spent physically active, whereas for 
other public open spaces this was less often the case. However, parks are not frequently used 
and efforts should be made to attract more people (and especially females) to parks. 
Furthermore, once in the park, the park itself should be inviting for physical activity.  
2.2.4. WHO ARE ADOLESCENTS ACCOMPANIED WITH WHEN VISITING A PUBLIC OPEN SPACE? 
The self-report data in chapter 4.1 revealed that adolescents were mostly accompanied by 
friends/classmates (63%), siblings (36%), adult family members (33%) an organized group 
(18%) or alone (14%) during park visits in the last three months. When all possible outdoor 
public open spaces were considered in chapter 2.2, participants reported to have been 
accompanied by friends/classmates in 60%, siblings in 16%, and adult family members in 16% 
of the visits, 16% of the visits were done alone and 3% with an organisation. Furthermore, the 
accompaniment by siblings at public open spaces was associated with more time at public 
open spaces.  
2.2.5. WHEN ARE PUBLIC OPEN SPACES USED? 
In order to develop tailored interventions to increase physical activity among all age groups at 
public open spaces, insight is needed into the periods when public open spaces are used in 
order to identify the periods of high or low usage. The moments when public open spaces are 
used by few people can be the focus of future interventions aimed at increasing public open 
space visitation as these offer lots of space and quietness, whereas the moments when public 
open spaces are currently used by many people are important for interventions that aim to 
increase public open space users’ physical activity levels.  
In our study (chapter 2.1), parks were least used in the morning. Similar results were found in 
a study where ten Belgian and ten US parks were observed [27]. Furthermore, in our study, 
park users’ activity levels were higher in the morning compared to midday and to the 
afternoon. In the study including ten Belgian and ten US parks, most vigorously active park 
visitors were observed in the afternoon and in the morning compared to midday and the 
evening [27]. In Belgian parks, morning periods appeared to be the moments that parks are 
used less often, but at highest activity levels (for example by people riding their bike through 
the park to go to school or work), whereas parks were used most often during the afternoon 
but at lower activity levels. Furthermore, no differences were found for the number of park 
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users at weekdays compared to weekend days, whereas activity levels among males were 21% 
higher during weekend days (chapter 2.1).  
2.2.6. CONCLUSION 
To conclude, public open spaces in Flanders are mostly used by the lower educated, and those 
with a non-western-European ethnicity. Additionally, physical activity levels at public open 
spaces are higher among younger adolescents and boys. This indicates that public open spaces 
should be made more attractive for girls (e.g., by providing facilities for individual, non-
competitive, ’fun’ physical activities) and older adolescents and can provide a good location to 
reach minority groups (such as low SES and non-western-European adolescents) that are hard 
to reach and at risk for physical inactivity. Furthermore, interventions aiming to increase 
physical activity at public open spaces should also take into account the potential social impact 
of the intervention on the neighbourhood (e.g., physical activity can be used to increase social 
cohesion and integration of minority youth into society). Public transportation stops/stations 
appeared to be the most frequently used public open spaces among Flemish adolescents, 
however, these are less suitable for physical activity. On the other hand, parks are very suitable 
for physical activity, but were rarely used. This calls for interventions promoting park use and 
physical activity in parks among adolescents. Furthermore, urban planners should take into 
account the different activity levels and number of users at different public open space areas 
(such as trails or playgrounds). Our results showed that densely wooded park areas were not 
often used and were used at lower physical activity intensity compared to trails and grassy 
areas in parks. Therefore, we recommend to include sufficient paths through wooded areas 
and to avoid low shrubbery in order to create an open view. Additionally, all children within 
families should be involved in interventions as it was shown that adolescents spent more time 
at public open spaces when accompanied by their siblings. Urban planners should create public 
open spaces with facilities for all ages in order to facilitate public open space use accompanied 
by siblings and other family members. Moreover, interventions aimed at increasing physical 
activity levels in parks should be held during afternoons as it is most likely to reach the highest 
number of and the least active park users during afternoons.   
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2.3. ENVIRONMENTAL CHARACTERISTICS OF PUBLIC OPEN SPACES ASSOCIATED WITH 
ADOLESCENTS’ PUBLIC OPEN SPACE VISITATION AND PHYSICAL ACTIVITY 
Chapter 3.1 and 3.2 provided an extensive overview of public open space characteristics 
possibly associated with public open space use and physical activity. These studies started 
from what was already present in existing public open spaces in order to reveal which 
characteristics were important or associated with public open space use and physical activity 
at public open spaces. This could be considered as a limitation of the design of these studies. 
In chapter 4.1 on the other hand, another approach (i.e., conjoint analysis) was used in order 
to define which public open space characteristics were preferred by adolescents. Conjoint 
analysis enables to study the (combinations of) characteristics of POS without these 
characteristics being present at a POS. 
 
2.3.1. FEATURES 
MAN MADE FEATURES 
The review included in chapter 3.1 revealed that the presence of sport activity zones (such as 
walking paths, BMX trails or sport fields) was positively associated with public open space 
visitation. The association between sport activity zones and physical activity was less 
straightforward as three studies found no associations and four did find a positive association 
between the presence of sport activity zones and physical activity at public open spaces. 
However, it is most likely that these inconsistent results were due to differences in 
measurement methods. Additionally, chapters 3.1 and 3.2 showed that qualitative studies 
indicate that sport activity zones, and especially soccer fields, are of utmost importance for 
adolescents’ public open space visitation and physical activity. On the other hand, sport 
activity zones that require expensive equipment such as badminton fields were rarely used as 
participants often lacked equipment. This could be overcome by installing a “game library” 
where sport equipment such as badminton racquets can be lend out. Furthermore, sport fields 
were ranked as the third most important park characteristic for park visitation and park-based 
physical activity in chapter 4.1.  
In our study using manipulated photographs (chapter 4.1) outdoor fitness equipment was the 
second most important park characteristic among adolescents for park visitation and physical 
activity. This indicates that the instalment of outdoor fitness equipment could encourage 
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physical activity in parks. This is supported by a natural experiment from the US where the 
instalment of outdoor fitness equipment in twelve parks was related to an increase in physical 
activity levels among users of all ages [28]. However, in a Danish study, contradicting results 
were found as they observed more users at public open spaces that provided opportunities 
for active play and games compared to public open spaces that provided opportunities for 
individual physical activity (such as outdoor fitness equipment). Therefore, they concluded 
that socializing and playing were more important and outdoor fitness equipment could not be 
the best choice for increasing physical activity levels as they were used less often. However, 
in this Danish study most observed public open space users were children and the outdoor 
fitness equipment was intended for adolescents, which could have elicited the lower level of 
usage. It should also be mentioned that 90% of the public open space users observed at the 
outdoor fitness equipment were observed in vigorous-intensity physical activity [29].  
Another feature associated with public open space visitation identified in the systematic 
literature review was the presence of playgrounds (chapter 3.1). However, based on our 
qualitative studies (chapter 3.1 and 3.2) it could be concluded that these playgrounds had to 
be adventurous and age-appropriate in order to be attractive. Additionally, our photo-
experiments revealed that for park-based physical activity, a park with a playground and 
outdoor fitness equipment was perceived more attractive than a park with solely outdoor 
fitness equipment.  
NATURAL FEATURES  
Besides man made features, also natural features such as the amount of trees and greenery 
were examined in this doctoral thesis. Based on the systematic literature review included in 
this doctoral thesis, naturalness and greenery at public open spaces appeared to be associated 
with public open space visitation and physical activity. In chapter 3.1, overall greenness, grassy 
areas, treed areas and number of trees, were associated with public open space visitation and 
physical activity, whereas no associations were found for the presence of meadows, tree 
canopy area and vegetation with physical activity at public open spaces. The photo-
experiments indicated that parks with lots of greenery were preferred over a park with less 
greenery. However, despite the fact that lots of greenery was preferred, the amount of trees 
and plants was only ranked 7th in our photo-experiment. Additionally, in chapter 2.1 it was 
found that densely wooded park areas were the least often used park areas and it emerged 
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from chapter 3 that secluded areas were discouraging for public open space use. This indicates 
that the presence of trees and greenery is only associated with public open space use when 
an open view is ensured (i.e., no secluded areas). Furthermore, it is important to notice that 
in southern countries, trees can be important to provide shade. In more Northern countries 
the provision of shade is probably not perceived as necessary.  
SUPPORTING AMENITIES 
The systematic literature review and qualitative study (Chapter 3.1 and 3.2) included in this 
doctoral thesis indicated that adolescents are attracted to visit and use a public open space 
for physical activity when supporting amenities such as toilets, shelters, BBQ areas or picnic 
areas are present. However, limited evidence was found for such an association in our 
systematic literature review of quantitative studies (chapter 3.1) and in the photo-
experiments (chapter 4.1). Some associations were found for shelters, toilets, BBQ areas and 
picnic areas and public open space visitation in the systematic literature review. It was not 
surprising that no associations were found for these amenities with physical activity, as these 
are amenities that are likely to elicit sedentary behaviours. The photo-experiments identified 
benches and drinking fountains as the two least important characteristics for park visitation 
and physical activity.  
2.3.2. CONDITION  
Maintenance of the public open spaces emerged from the walk along interviews and 
qualitative systematic literature review, as an important factor for public open space visitation 
and physical activity. Additionally, in chapter 4.1, maintenance of the park was identified as 
the most important park characteristic for park visitation and physical activity. However, in 
the systematic literature review only two studies were included that studied objectively-
measured park maintenance. One study reported a positive association whereas the other 
found no association. A possible explanation may be that maintenance is subject to personal 
opinions and, therefore, difficult to measure using objective measurements. Furthermore, in 
the photo experiments, maintenance included three factors (presence of graffiti, presence of 
garbage and maintenance of the grass) which could have made this characteristic more 
notable. The maintenance of a public open space can influence attractiveness of a public open 
space in different ways. For example, the qualitative study showed that graffiti and evidence 
of drug use (e.g., syringes lying around) suggested the presence of undesirable users, broken 
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features could lead to injuries and when sport fields are covered in glass or rocks, participants 
first had to tidy up before using the field.  
2.3.3. SOCIAL ENVIRONMENTAL CHARACTERISTICS 
Based on the qualitative research in chapter 3.2, other public open space users were identified 
as very important for public open space visitation and physical activity. It emerged from the 
interviews that the presence of undesirable users (older adolescents, drug users, homeless 
people) was a deterrent for public open space visitation and physical activity, whereas the 
presence of active peers made public open spaces more attractive for physical activity and 
visitation. Fear from strangers or feeling less safe due to the presence of strangers is often 
referred to as “stranger danger”. Many adolescents express concerns about strangers 
(especially girls) [30,31], however, not many studies have looked into the associations 
between the presence of strangers and physical activity. In a study among 10– to 12-year-old 
children no associations were found between parental concern about strangers and walking 
and cycling levels among the children [30]. In another study, no associations were found 
between adolescents’ concerns about strangers and walking and cycling levels in the 
neighbourhood [31]. In chapter 4.1 it was found that adolescents prefer parks without 
homeless people. However, this was only the fifth most important park characteristic for park 
visitation and sixth for park physical activity.  
The presence of peers was the fourth most important park characteristic for park visitation 
and physical activity (chapter 4.1) and it emerged from the walk-along interviews as a very 
important factor for public open space visitation and physical activity (chapter 3.2). Similar 
results were found in previous research; Brazilian adolescents (aged 14-19 years) and 
Portuguese boys (aged 12-18 years) living in neighbourhoods where other adolescents were 
physically active, were more likely to be physically active [32,33]. Furthermore, parks where 
peers were physically active were preferred over parks with sedentary peers which was 
preferred over a park without peers for park visitation. Whilst for park physical activity, a park 
with physically active peers was perceived better than a park without peers, which was 
preferred over a park with sedentary peers (chapter 4.1). These findings are supported by a 
systematic literature review on the role of peers for physical activity, where it was concluded 
that peer support and the presence of peers and friends was associated with higher physical 
activity levels among youth [34].   
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However, the presence of older adolescents has been identified (in the qualitative study in 
chapter 3.2) as a deterrent for physical activity at public open spaces. Participants often 
indicated that older adolescents (16+) bullied them or did not allow them to play along. In 
previous qualitative studies, similar results were found [35,36], whilst an Australian 
quantitative study did not find an association between 13-year-old adolescents’ concern 
about older youth and walking and cycling in their neighbourhood [31]. A possible strategy to 
counteract this phenomenon may be to regularly organise activities at public open spaces 
where youth of all ages are active together. It has been shown that organising activities in the 
neighbourhood may increase social cohesion, connectedness among the inhabitants and 
solidarity among groups [37]. Another social issue that arose from our research was the 
conflict between (older) adults and youth at public open spaces. Adults often complained 
about ball games or noise (mostly at public open spaces where bars with outdoor terraces 
were present), and at some public open spaces ball games were forbidden (Chapter 3.1 and 
3.2). This made adolescents feel excluded from the society and discouraged them to use that 
specific public open space. This phenomenon, where youth perceive that they are excluded 
from society, has been described before [38,39]. Adults often consider public open space as 
an ‘adult’ territory and the presence of youth is frequently considered as a problem because 
they use the public open space in a way that is considered as “inappropriate” by adults [38,39]. 
New laws and regulations are often developed (e.g., curfews) to guide youth into engaging in 
more suitable behaviours instead of considering them as full-fledged citizens.  
A participatory approach (where citizens are involved in the design and management of the 
public open space), could help overcome some of these social issues by increasing community 
and civic engagement [40]. This approach is described more in detail in section 4 and 6 of the 
general discussion.  
2.3.4. ARE OTHER PUBLIC OPEN SPACE CHARACTERISTICS IMPORTANT FOR PUBLIC OPEN 
SPACE VISITATION COMPARED TO PHYSICAL ACTIVITY AT PUBLIC OPEN SPACES? 
A noteworthy finding from the qualitative research (chapter 3.2) and photo experiments 
(chapter 4.1) was that few differences were found between the characteristics of public open 
spaces that made them attractive for visitation and for physical activity. This implicates that 
improving the characteristics defined in this doctoral thesis, could increase public open space 
visitation and physical activity simultaneously.  
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2.3.5. CONCLUSION 
From the studies included in this doctoral thesis, we can conclude that public open spaces 
should contain sport activity zones such as a soccer field and age appropriate playgrounds in 
order to be attractive for adolescents to visit and for physical activity. Additionally, parks with 
a sport field, playground and outdoor fitness equipment were preferred over parks without 
these facilities. From our results we can conclude that public open spaces with greenery are 
preferred over public open spaces with less greenery. However, greenery was less important 
compared to sport activity zones. Additionally, supporting amenities are not the most 
important features for public open space visitation and physical activity, however, they could 
contribute to the overall experience at the public open space. Nevertheless, attention should 
be paid as these could elicit sedentary behaviour. Furthermore, our results emphasize the 
importance of a regular and profound maintenance system that includes regular garbage 
collection, graffiti removal, maintenance of greenery and regular repairs of broken features. 
The presence of other people (undesirable users and peers) at public open spaces could be an 
important issue, which needs attention in future interventions. Teach adolescents how to 
handle confrontations with undesirable users could be a useful strategy to decrease their fear 
from strangers. The fact that a park without peers was preferred over a park with sedentary 
peers for physical activity in the park was a novel insight, as to our knowledge, no studies have 
looked into the association between the presence of sedentary peers and physical activity in 
parks.  
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3. STRENGTHS AND LIMITATIONS 
In this section the main strengths and limitations of this doctoral thesis will be discussed.  
Some overall strengths of this thesis have to be acknowledged.  
 A major strength within this doctoral thesis was the broad definition that was used to 
define public open spaces. This led to the inclusion of several kinds of public open 
spaces, such as parks, squares, streets and vacant lots. Previous studies often focussed 
on parks, excluding all physical activity that occurred in other public open space 
locations.  
 The target population of this doctoral thesis was adolescents, which is an understudied 
population in public open space research. It has been acknowledged that most 
adolescents do not comply with the physical activity guidelines and physical activity 
behaviour tracks from adolescence into adulthood. Therefore, interventions to 
promote physical activity among adolescents are warranted and the research 
presented in this doctoral thesis can help to inform future interventions.  
 One of the major strengths was the focus on public open spaces. Public open spaces 
are present in almost all communities, are freely accessible to all people and can reach 
the whole population. Public open spaces can be important settings for physical 
activity and can have other benefits such as the provision of green space which is 
associated with mental health. Research on the characteristics of public open spaces 
associated with public open space visitation and physical activity was limited at the 
start of this doctoral thesis.  
 Both public open space visitation and physical activity at public open spaces were 
included in this doctoral thesis and ensured a more comprehensive view on the use of 
public open spaces. The characteristics of public open spaces that attract adolescents 
to visit, may differ from the characteristics that attract adolescents for physical activity, 
therefore, these two behaviours should be investigated separately.  
 A wide range of methods including systematic literature reviews, qualitative and 
quantitative studies based on surveys, audits, observations, accelerometry and GPS 
data and photograph experiments were used in this PhD-project. When multiple 
methods are used, different perspectives are created, and additionally, each method 
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has its own advantages and disadvantages. By using multiple methods, it is possible to 
get a more comprehensive view on the subject.  
 Within this doctoral thesis, both physical and social environmental characteristics of 
public open spaces were included. This provides a more comprehensive view on the 
characteristics related to the use of public open spaces compared to previous research 
which often solely included physical environmental characteristics.  
 In the studies included in this thesis, public open spaces that were actually used by the 
participants were the focus of the study. In most other research, questionnaires asking 
about the neighbourhood environment or overall neighbourhood measures were used 
to acquire a measure of public open space characteristics associated with physical 
activity. However, these may not be the actual public open spaces that are used by the 
participants. This phenomenon is called the Modifiable Arial Unit Problem (MAUP) and 
was avoided in this doctoral thesis by assessing the public open spaces that are actually 
used.  
 For the walk-along study (chapter 3.2) and the review (chapter 3.1), the environmental 
characteristics were categorized in the same categories as was done in previous 
research [11,41]. This increased the comparability of our results with previous research 
findings. 
 This doctoral thesis adds upon the existing research that predominantly originates 
from the US and Australia by providing a European perspective.  
Next to the strengths, some limitations have to be taken into account when interpreting the 
results. 
 A main limitation of this doctoral thesis was the cross-sectional design of the studies 
and the fact that no natural experiments were performed. A natural experiment was 
planned within this doctoral thesis, however, due to organisational difficulties and 
changes is the planning, this was cancelled. A natural experiment allows to investigate 
causal relationships between changes in the environment and behaviour at public 
open spaces. The photo-experiments allowed to identify the most important 
characteristics of public open spaces associated with the attractiveness of a park. 
However, natural experiments are needed in order to confirm whether changing these 
characteristics will actually change physical activity behaviour.  
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 Different indicators (i.e. FAS score, parental occupation or parental educational level) 
were used to define SES across the studies in this doctoral thesis, which may have led 
to inconsistent findings. Additionally, many participants were not able to report 
parental occupation or educational level, leading to missing values concerning SES.  
 Within this doctoral thesis it was attempted to focus on low SES youth. However, the 
amount of low SES youth participating in the studies included in this doctoral thesis 
was rather limited (i.e. chapter 3.2: 62.5% of the participant had a low SES according 
to the occupation of the parents; chapter 2.2: 22.5% of the participants had low SES 
according to the educational level of the participants; chapter 4.1: 36.2% of the 
participants had low-medium SES according to the FAS and 22.4% according to the 
educational level of the parents). Future studies could prevent low representation of 
low SES youth in their sample by oversampling at low SES schools.” 
 Some of the studies in this doctoral thesis used a questionnaire to assess physical 
activity. Self-report measures of physical activity may be susceptible to over reporting 
due to social desirability bias [42,43].  
 Within this doctoral thesis, a socio ecological approach was used. However, no policy 
related characteristics were included in the studies. Research on the role that policies 
may have on the use of public open spaces for physical activity is currently lacking and 
is necessary for a comprehensive understanding of the characteristics influencing 
adolescents’ public open space use and physical activity.  
 The results of the studies included in this doctoral thesis may have low generalizability 
as they were all conducted in Flanders. Additionally, in chapter 2.1, only two parks 
were included and in chapter 2.3 only two days of accelerometer and GPS data were 
included, which also contributed to low generalizability. Therefore, results have to be 
interpreted with caution and additional research is needed in other European and non-
European countries to confirm current findings and identify possible cultural 
differences.   
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4. PRACTICAL IMPLICATIONS 
Based on the research included in this doctoral thesis, some practical implications can be 
formulated.  
In some studies performed in this doctoral thesis, it was found that girls and females were less 
likely to visit and be physically active at public open spaces compared to men. This implicates 
that future interventions should target girls and women specifically and public open spaces 
should be designed to attract more females. Previous research revealed that adolescent girls 
mostly used public open spaces for socializing activities [44] and engage mainly in individual, 
non-competitive, ‘fun’ activities such as dancing, running or netball [16-18]. Urban planners 
should take this into account when developing new public open spaces, by providing places 
within the public open space that are suitable for socializing and for individual, non-
competitive and fun physical activities.  
Associations of ethnicity and education with time spent and physical activity at public open 
spaces have been identified in this doctoral thesis. This indicates that the use of public open 
spaces could be culturally inspired and be more or less imbedded into the habits of specific 
population groups. These are very important results, as non-white and low educated 
adolescents are groups at risk for inactivity [9,23]. Creating interventions at public open spaces 
can thus reach those groups that most need it. In Flanders (Belgium) already some initiatives 
at public open spaces exist, which are united under the name “Buurtsport” (i.e. 
neighbourhood sports) [21]. Our results support these initiatives and call for the continuation 
and expansion.  
Chapter 4.1 revealed that adolescents prefer public open spaces that are well maintained, 
with sport fields, outdoor fitness equipment and playgrounds. Public open space 
administrators (mostly city councils) should develop a regular and profound maintenance 
system, that makes sure public open spaces and the facilities are clean (i.e. regular garbage 
collection, graffiti removal) and facilities are repaired or replaced when needed. Additionally, 
public open spaces can be made more attractive for visitation and physical activity among 
adolescents by providing sport fields, outdoor fitness equipment and playgrounds. These are 
rather small modifications (compared to total public open space development or renovations) 
that could encourage public open space visitation and physical activity among adolescents. 
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From the systematic literature review in chapter 3.1 it appeared that most public open space 
features (mostly playgrounds) were designed for younger children, whilst adolescents prefer 
more challenging features. Future urban planners should thus create more challenging, but 
safe, public open spaces with age appropriate facilities such as high slides, trampolines or high 
swings.  
Different park areas were shown to attract differing numbers of park users and to elicit 
different physical activity levels in parks (i.e. densely wooded areas were rarely visited or used 
for physical activity). Hence, urban planners should avoid combining different park areas that 
elicit sedentary behaviour or that attract only few park users. Furthermore, densely wooded 
forest may not be the best way to shape a park, as densely wooded areas could reduce feelings 
of safety due to low visibility. Increasing visibility in wooded areas by providing trails and 
reducing low shrubbery could increase the use of these wooded areas without making major 
changes or big investments.  
Participants in the qualitative study mentioned to use the public open spaces close to home, 
school or public transportation stops more often. Therefore, it could be hypothesized that 
prioritizing the renewal of public open spaces in neighbourhoods with many adolescents or 
close to secondary schools and public transportation stops/stations could be beneficial.  
As the amount of public open space is currently limited and is expected to reduce due to the 
densification of cities, creating new public open spaces is probably not very realistic. However, 
other possibilities exist. Most European historical cities have many small public parks and 
plazas spread through the city, and our observational study showed that many park users used 
the park to cycle through to other destinations. Therefore, connecting these small parks by 
trails could increase physical activity levels and may be feasible in most European cities. 
However, cycling is often forbidden in parks. Policy makers should take this into account and 
assure at least one cycle lane in each park. 
Currently, indoor sport facilities are often fully booked, limiting schools and sport clubs in their 
provision of organized sports. Public open spaces and parks could provide a suitable 
alternative for schools and sport clubs. Existing activities could be relocated and the sport 
offer could be extended. However, this would also pose some difficulties concerning the 
weather and the provision of specific features and equipment. Furthermore, it was found that 
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parks where other adolescents were physically active were preferred over parks without peers 
or with sedentary peers, indicating that the use of public open spaces by schools and sport 
clubs could have a facilitating effect on public open space visitation and physical activity by 
creating a supportive environment and by acquainting children and adolescents with public 
open spaces.  
When developing interventions or designing new public open spaces, the use of a 
participatory or co-creation approach should be considered. Such an approach consists of a 
process of reflection and action, carried out with and by local people rather than on them [45]. 
It has been shown that such an approach results in identifying culturally relevant themes, 
increased relevance for all people involved and overcoming social barriers during data 
collection. Other benefits are higher capacity of the community stakeholders and researchers 
and more possibilities to sustain project goals beyond funded time frames [46]. The most 
important benefit is the increased involvement and sense of responsibility from the 
community itself when inhabitants are involved in the design and development of new public 
open spaces [47]. Additionally, such an approach can contribute to social norms concerning 
physical activity behaviours, which is especially important in cultures that may discourage 
physical activity (e.g., Muslim girls) [40].  
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5. EXAMPLES OF EXISTING INITIATIVES 
5.1. CRUYFF COURTS (MECHELEN, FLANDERS, BELGIUM) 
The Cruyff foundation was founded by former Dutch football player Johan Cruyff. The 
foundation supports sport and play projects for youth around the world. The “Cruyff courts” 
are artificial soccer fields that have been installed all around the world (15 countries so far) 
with the aim to increase physical activity levels among youth. The courts also function as a 
meeting spot for youth where they can play and practice sport safely. Sports is used as a means 
to increase respect, social cohesion, integration and health in the neighbourhood.  
 
Figure 1: Cruyff courts Mechelen  
5.2. URBAN SPORTS AND CULTURE HALL (ANTWERP, FLANDERS) 
The city of Antwerp opens up their sports hall for all children and adolescents during summer. In 
collaboration with youth workers, a range of new, urban sports (e.g., parcours, free running, urban 
dance) is offered. Adolescents can practice sports independently or can follow workshops, attend 
demonstrations or dance-battles. Adolescents indicated that they use the sport hall because it is free 
and enables activities that are not possible on the streets.  
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Figure 2: Urban sports and culture hall Antwerp  
5.3. INITIATIVES AT PUBLIC TRANSPORTATION STOPS AND STATIONS 
5.3.1. BIKE DESKS AT BRUSSELS SOUTH RAILWAY STATION AND BRUSSELS AIRPORT 
In Brussels South Railway station and Brussel National Airport, cycling desks with a charging 
feature are present. These are used by people who have to wait for their train or flight. In an 
observational study, where the use of these bike-desks was observed for 3 days, it was found 
that 135 people used the bike desk and mean cycling time was 15.3 minutes. Of these 135, 
100 completed a questionnaire which indicated that 83% of the people who were surveyed 
used the bike because of the charging feature, 20% used it because it was fun and a good 
distraction while waiting and 12% used it for health reasons [48].  
 
 
Figure 3: Bike desks at Brussels Airport 
 
5.3.2. SWINGS AT PROMENADE DES ARTISTES, QUARTIER DES SPECTACLES, MONTRÉAL 
Another creative example can be found in Montreal, Canada where 21 swings have been 
installed next to the bus station. Each of these swings produces the sound of a music 
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instrument. When swinging together, people (of all ages) can produce music [49]. 
 
Figure 4: Swings at Promenade des artistes, Quartier des spectacles, Montréal 
 
5.3.3. BUS STOPS IN SAN FRANSISCO 
In 2015 in San Francisco, a new bus stop was installed that was created with the aim to 
stimulate activity while waiting for the bus. The bus stop was designed such that it could be 
used as a climbing wall, children’s play space, meditation space and a regular bus stop [50].  
 
 
Figure 5: Active rest bus stop, San Francisco  
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6. RECOMMENDATIONS FOR FURTHER RESEARCH 
This research identified some shortcomings in the literature and highlights the need for more 
research on the use of public open spaces in Europe and among adolescents. Some 
suggestions for future research are listed below.  
In the first part of this doctoral thesis, the need for a pan-European surveillance system to 
monitor physical activity levels was identified. Such surveillance system could help making 
policy decisions for the development of effective physical activity promotion interventions by 
detecting trends and providing reliable prevalence data. This surveillance system should use 
standardized objective physical activity measurement methods supported by subjective 
measurement methods to measure physical activity behaviour. Both objective and self-report 
measurement methods have advantages and disadvantages [42,43]. It is not possible to obtain 
context-specific physical activity measurements using objective measurement methods. 
Therefore, objective measurements should be complemented with subjective data. 
Additionally, there is a need for accelerometer data that are cleaned, reduced and processed 
in the same way. This can be done by building on previous work, for example the International 
Children’s Accelerometry Database (ICAD) project pooled individual accelerometer data files 
of children and cleaned, reduced and processed it using standardized methods [51]. 
We call for more research on the use and the characteristics of public open spaces related to 
the use of public open spaces as the evidence remains relatively limited. Most research 
concerning the use of public open spaces and characteristics of public open spaces associated 
with public open space visitation and physical activity originates from the US and Australia. 
Therefore, additional research from European countries is warranted as differences in the use 
of public open spaces can exist between countries.  
Currently, parks are the most frequently studied public open space location. Future studies 
should try to include other (less-conventional) public open spaces suitable for physical activity 
(such as squares) in order to provide a more comprehensive view on the use and 
characteristics of public open spaces (and not only parks). It has to be acknowledged that not 
all public open spaces are suitable for physical activity. For example, it may not be very feasible 
to target public transportation stops/stations for physical activity interventions; however, 
some examples exist of public transportation stops that have been designed to encourage 
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physical activity (see General discussion: Chapter 5). Furthermore, analyses should be done 
for each location separately as specific locations may be used differently and in order to 
identify whether the same characteristics are important for different locations.  
Most studies have included features for more traditional sports (i.e., sport fields for soccer or 
basketball). It would be interesting to gain insight into the impact of features for less 
conventional sports such as “parcours”, or skateboarding on physical activity levels among 
youth, in future studies. In this doctoral thesis, policy related characteristics were not 
included; however, research concerning policy related factors associated with physical activity 
at public open spaces could be relevant.  
It has been shown that differences exist in the characteristics of public open spaces between 
high and low SES neighbourhoods [52-54]. Additionally, differences in maintenance and 
available facilities between high and low SES neighbourhoods are also present [15,55]. 
Furthermore, it could be expected that low SES youth engage in different activities compared 
to high SES youth (e.g., low SES youth may not have expensive equipment to play tennis and 
would rather play soccer). Therefore, future research should examine the differences between 
high and low SES youth concerning public open space use and physical activity. 
GPS devices are only recently being used in public health research. More studies using GPS 
devices and accelerometers are needed as this method allows to objectively measure location-
specific physical activity. Preferably, this should be done in combination with some subjective 
input in order to gain insight into the context of public open space visitation. However, when 
using GPS devices in combination with personal interviews, the data processing is very time 
consuming. Therefore, we recommend to use a mobile application with ecological momentary 
assessment in order to capture the context of public open space use [56]. Additionally, this 
will allow to collect data for a longer period of time. Furthermore, many studies have 
evaluated the associations between public open space characteristics within the 
neighbourhood wherein adolescents live or closest to home. However, adolescents may not 
use the public open spaces closest to home [57].  
Almost all research focusses on urban public open spaces, however, also in rural areas, public 
open spaces can be important locations for physical activity. Some research has indicated that 
differences exist in the provision and quality of urban and rural public open spaces [58,59]. 
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Therefore, studies concerning public open spaces in rural areas should be undertaken to 
identify differences between urban and rural public open space use and characteristics 
associated with public open space use and physical activity.  
The results of our photo-experiment should be confirmed by performing natural experiments 
in order to identify the public open space characteristics that actually influence physical 
activity behaviour at public open spaces and public open space visitation. Natural experiments 
are highly recommended to identify causal relationships between characteristics of public 
open spaces and physical activity. A natural experiment includes changes to the real 
environment in which people live through physical changes that are implemented by city 
planners. However, these are often difficult to carry out due to organisational and financial 
challenges [60]. In this doctoral thesis no causal relationship could be identified and therefore 
we could only identify possible important characteristics. Such natural experiments can 
benefit from collaborations between researchers and the city councils. Public open space 
renovations are good opportunities for such experiments, as the environmental changes can 
be executed by the city council, while the researchers have the opportunity to investigate the 
use of these public open spaces before and after renovations. Such natural experiments are 
often hard to conduct because of organisational challenges such as changes to timelines or 
budget for implementation of infrastructure [60]. Within this doctoral project it was 
attempted to perform a natural experiment, however due to changes in the timeline (of the 
city council) this has not yet been executed. Furthermore, if researchers are involved in the 
design of the public open space, it is possible to include specific public open space 
characteristics of which we know they could increase visitation and physical activity. Such 
collaborations could be facilitated by creating a publicly accessible database of all planned 
public open space renovations.  
Using manipulated photographs is an efficient way to manipulate public open space 
characteristics without actually having to change the real environment. Future research using 
manipulated photographs should study whether there are subgroups that have different 
preferences (e.g., low SES or girls), and whether interaction effects exist between public open 
space characteristics. Additionally, the photo-experiments should be repeated with other 
characteristics and other public open space locations (such as squares or streets). For 
example, when the distance to a public open space would be added as a public open space 
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characteristic, the characteristics that would make adolescents travel further in order to visit 
a public open space could be identified. Additionally, the GPS study revealed that the company 
during a public open space visit may influence time spent at public open spaces. Therefore, 
also company should be included in future photo-experiments. However, this method still 
comprises some methodological limitations, such as the inability to include sound. Therefore, 
we recommend to develop virtual experiments using virtual reality programs in order to 
create an experience as realistic as possible for the participants.  
Within this doctoral thesis, none of the included studies used a participatory or “co-creation” 
approach. However, there are multiple examples of the planning and design of public open 
spaces where youth were involved in one or more phases of the developmental process [61-
64]. Such an approach poses multiple benefits such as: ensure culturally and logistically 
appropriate research, generate professional capacity and competence in stakeholder groups, 
result in productive conflicts followed by useful negotiation, increase the quality of outputs 
and outcomes over time, increase the sustainability of project goals beyond funded time 
frames and during gaps in external funding, and create system changes and new unanticipated 
projects and activities [46]. Therefore, we recommend the use of this approach in future 
research concerning the renovation and development of new and existing public open spaces 
and for planning and design of public open spaces.  
Finally, this doctoral thesis revealed that the characteristics that were identified as important 
for public open space visitation were not very different from the characteristics important for 
physical activity at public open spaces. However, we recommend for future research to 
investigate these behaviours separately as these could be influenced by different 
characteristics.   
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7. CONCLUSION 
Physical activity levels among adolescents in Europe are low and interventions for physical 
activity promotion are needed. This doctoral thesis revealed that public open spaces are 
currently not often used by adolescents and parks not often by the overall population. 
Furthermore, many public open space characteristics that are associated with public open 
space visitation and physical activity have been identified in this doctoral thesis. From the 
studies included in this doctoral thesis, we can conclude that the installation of sport fields, 
age appropriate playgrounds and outdoor fitness equipment increases the attractiveness of 
public open spaces for visitation and physical activity among adolescents. Additionally, the 
presence of peers and undesirable users also determines the attractiveness of public open 
spaces. Furthermore, public open space administrators should ensure a good and regular 
maintenance system in order to keep public open spaces clean and safe. Future natural 
experiments should be conducted to confirm these associations.   
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Op het einde van dit doctoraat zou ik nog enkele mensen willen bedanken die er mee voor 
gezorgd hebben dat ik hier nu, na 4 jaar, sta.  
Op de eerste plaats zou ik mijn promotoren Prof. dr. Benedicte Deforche en Prof. dr. Peter 
Clarys en co-promotor Prof. dr. Delfien Van Dyck willen bedanken, Benedicte, bedankt om me 
de kans te geven om te doctoreren, om als promotor me steeds in de goede richting te wijzen 
maar me toch ook veel vrijheid te geven. Peter, bedankt voor het snelle naleeswerk en je visie 
uit een iets andere hoek, dit heeft mijn werk steeds tot een hoger niveau getild. Delfien, 
bedankt voor je positieve en vrolijke kijk op de zaken en je waardevolle en snelle feedback. Ik 
wil jullie vooral ook bedanken voor de leuke samenwerking de afgelopen vier jaar en de steun 
en het vertrouwen dat jullie steeds in mij stelden.  
Verder wil ik ook de leden van de begeleidingscommissie, Prof. dr. Ilse De Bourdheaudhuij en 
Prof. dr. Nico Van de Weghe bedanken. Ilse, bedankt voor de ondersteuning en leerrijke 
feedback. Nico, bedankt voor de ondersteuning op geografisch gebied, jouw inzichten hebben 
dit doctoraat erg verbeterd.  
Ook mijn begeleider, dr. Jelle Van Cauwenberg zou ik willen bedanken. Jelle, bedankt om 
steeds klaar te staan voor de soms wat onnozele vragen en voor je opbouwende feedback. 
Daarnaast wil ik ook de leden van de examencommissie, Prof. dr. Dirk De Clercq, Prof. dr. Greet 
Cardon, Prof. dr. Annick Willem, Prof. dr. Frank Witlox, Prof. dr. Marc Theeboom en Ass. Prof. dr. 
Hélène Charreire bedanken om de tijd te nemen om dit werk grondig door te nemen en voor 
de waardevolle opmerkingen en suggesties die dit werk hebben verbeterd. 
Ook zou ik alle collega’s willen bedanken, Hannah, Dorien, Ariane en Jelle, dikke merci om me 
van in het begin zo goed op te nemen op de VUB, voor alle leuke babbels en sport uurtjes over 
de middag. Hannah, Dorien en Ariane, ook merci voor de leuke uitstapjes buiten de werk uren 
waarbij ik denk aan het Sziget Festival in Budapest, Schotland en Kaap de goede hoop in 
Kaapstad. Ook aan de andere collega’s uit Brussel: Marloes, Nikki, Tom, Dirk, Vicka, Tijl, 
Martine, Inge, Laurent, Peter, Peter, Eva, Marcel, Kattelijne , Evelien en alle andere collega’s, 
bedankt om me toch nog steeds op te vangen na onze verhuis naar Gent en bedankt voor de 
leuke sfeer. Marloes, bedank voor alle TRX momentjes die me steeds weer energie gaven om 
er tegen aan te gaan! Vicka, merci voor de vele babbels en om een poging te doen me terug 
aan het lopen te krijgen.  
Ook na de verhuis naar Gent zijn we in een leuke team terecht gekomen, graag wil ik ook alle 
collega’s van de GVO, An-Sophie, Anneke, Wendy, Annelies, Anne-lore, Maxim, Bart, 
Anneleen, Renee, Elke, Jean-Babptist, Lieze, Joris, Isabelle en Jasmine bedanken. Anneke, 
Annelies en Anne-lore, bedankt voor jullie eeuwige enthousiasme en alle leuke momenten op 
onze bureau, het taart eten om 15u, onze bureau kerst-waardig te maken, het kraken van een 
flesje bij de nieuwe publicaties, … maar vooral bedankt voor het supporteren de laatste 
maanden. Wendy, jou wil ik ook graag bedanken voor de fantastische reisavonturen en de 
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leuke etentjes! De Collega’s op het HILO wil ik ook bedanken voor de leuke momenten, en 
buitenlandse avonturen tijdens en na de congressen.  
Het DEDIPAC-team wil ik ook bedanken voor de extra uitdaging en ervaring die ik heb 
opgedaan binnen het project. Anne, Maïté, bedankt voor de leuke samenwerking voor 
DEDIPAC. Het was een hele opgave om de vier reviews tot een goed einde te brengen maar 
we waren een top team. Bedankt voor de leuke babbels en fijne samenwerking.  
I would also like to thank Prof. dr Jenny Veitch from Deakin University in Melbourne, Australia. 
It was a great pleasure working with you, thank you for all the valuable feedback and for 
sharing your scientific expertise.   
Verder zou ik ook mijn vriendinnen willen bedanken.  
De Bulldozers, Rien, Lena, Liesbet, Liesbeth, Laura, Lise, Nathalie, Nienke, en Jana, dikke merci 
om er altijd te zijn en te willen luisteren naar mijn bekommernissen, voor het supporteren en 
voor leuke babbels, de feestjes en reisjes. 
Gyals, Tine, Joly, Quinty, Jana, Lies, Heleen, Loes, Nagge merci voor de nodige afleiding tijdens 
onze wijvenavonden. Dat was vaak heel erg welkom! Ik was er de laatste tijd wat minder vaak 
bij maar dit maak ik dit jaar zeker goed!  
De madammen, Esther, Megan, Rien, Liesbeth, Sanne, Magali, Valerie en Tessa bedankt voor 
de leuke shop-uitjes, voor de weekendjes in Frankrijk, de lunch dates, de girls-nights en alle 
andere momenten!  
Mijn vroegere kotgenootjes, Silke, Thallie en Welmoed, dankjewel voor alle leuke momenten 
samen! Jullie steun heeft me erg geholpen om steeds door te zetten, dankje voor alle 
bezoekjes, etentjes, kerstmarkt uitjes, en om een luisterend oor te zijn! Ik kijk er naar uit om 
volgend weekend met jullie Dublin te ontdekken! Ook mijn de studie genootjes, Xanne, Nele, 
Lotte, Lien, Clara, Yenthe, Joke, en Kirsten wil ik bedanken voor de zalige tijden op de VUB, het 
waren 5 super jaren die ik nooit ga vergeten.  
Jolien en Sarah, als splinternieuwe buurvrouwen wil ik jullie ook bedanken voor de leuke 
babbels. Ik kijk al uit naar onze burenfeestjes!  
 
Een speciaal woordje van dank gaat uit naar mijn familie. Mijn schoonfamilie, Pips, Ingrid, 
Nienke, Julien, Wieteke, Tim en Erin, Jinte en Fien bedankt voor alle leuke momenten samen, 
de steun en de leuke familieweekends, Nienke en Wiet, bedankt om mijn loop-maatjes te 
willen zijn, binnenkort beginnen we er weer aan! 
Meter, jou wil ik graag bedanken om er altijd te zijn, soms met lekker stoofvlees voor ons 




Wouter, Karen en Jonatan, bedankt om er altijd te zijn, voor de helpende handen en de 
babbels. Wouter, van kleins af aan heb je er mee voor gezorgd dat ik ben ontwikkeld tot wie 
ik nu ben, merci voor alle momenten samen. Jonatan, ik denk dat jij nog altijd niet helemaal 
wist wat ik daar op de unif aan het doen was. Ik zei dan ook: zorg maar dat je er bent op de 
openbare verdediging, dan zal het allemaal wel duidelijk worden. Ook al ben je er vandaag 
niet bij, ik zou je toch ook graag willen bedanken voor de fantastische broer die je voor ons 
was!  
Mama en papa, jullie wil ik graag bedanken om me de kans te geven om aan de VUB te gaan 
studeren, om het allemaal oké te vinden als ik op kot wou (ook al wonen we op 15km van de 
VUB), om me al de kansen te geven die ik nodig had om te worden wie ik nu ben, maar vooral 
om er altijd te zijn voor ons! Dankjewel. 
 
En natuurlijk, last but not least, wil ik ook Guus nog bedanken. Na twee jaar werken op onze 
werf zijn we in oktober kunnen verhuizen naar ons eigen huis. Het heeft ons bloed, zweet en 
tranen gekost maar we mogen terecht fier zijn op wat we hebben verwezenlijkt. Dankjewel 
voor het geduld dat je de afgelopen periode hebt gehad met mij en om me op te leiden tot 
volwaardige ‘bouwheer’.  
Bedankt om soms je principes aan de kant te zetten en toch in je eentje naar de andere kant 
van de wereld te vliegen omdat ik op congres moest en daarna ook natuurlijk ook op vakantie 
moest. We hebben samen al de Namibische woestijn doorgetrokken en Canadese bergen 
beklommen. Ik kijk uit naar de volgende avonturen met jou! 
Bedankt om in mij te geloven, om mij te steunen op alle mogelijke manieren, bedankt om 
zoveel voor mij te doen op de momenten dat ik veel moest werken. Dan denk ik maar aan 
mijn eten dat altijd klaarstond als ik van Gent thuis kwam of aan de huishoudelijke taken die 
jij op je nam. Je hebt me de laatste tijd wat meer moeten missen maar dat maken we de 
komende maanden meer dan goed.    
 
Linde 
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